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INTRODUCTION 
The wide distribution of maize ( Zea mays L. ) throughout 
the world is due to its many divergent types, delimited mainly 
by temperature and moisture. Lower tolerance levels of these 
two limiting factors have been established reasonably well, 
but the maxima at the other extreme are not well defined. 
Maize is a warm weather plant, and therefore suffers some 
restrictions as to the area of adaptation. Suitable areas for 
cultivation of maize have more than 18.9 C for the average 
mean summer temperature, and at least 12.8 C for the average 
night temperature of the summer months (Jenkins, 19^1). The 
particular temperature requirements for each stage of develop­
ment have not been perfectly established. Germination can 
occur between 9 and 40 C, with the optimum around 32 to 35 C 
(Wilsie, 1962). After germination, development is very slow 
around 10 C, with the maximum rate being achieved at 30 to 
32 0. 
The development of the maize plant takes place over the 
whole day and consequently is dependent upon temperatures 
during the whole 24-hour period. Processes such as the assimi­
lation of carbon dioxide proceed only during the daylight 
hours and are .influenced by temperatures at the time. Because 
of this, it has been suggested that environments with low night 
temperatures but high daylight temperatures would be advan­
tageous to maize yield (Duncan et al., 1973)' Cool nights 
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would slow the rate of development, allowing more time between 
stages, and consequently more days of photosynthesis for each 
particular stage, as long as photosynthesis is not drastically 
affected. Altered rates of development were observed by Eaton 
(1924). Plants subjected to 32.2 and 10 C at night from the 
time of emergence until pollen shed were delayed nine days by 
the lower temperature. Early senescence was observed for the 
kernel formation period by Peters et al. (1971) on plants sub­
jected to 29.4 C, compared with those subjected to I6.6 C. 
Plants at the lower temperature had a yield advantage. Other 
beneficial effects of cool nights were cited by Klages (1942), 
as long as the temperature was not so low as to interfere with 
metabolic processes and translocation. Wallace and Bressman 
(1949) also emphasized that at that time there was no definite 
proof that cool nights (12.8 to 15.6 C at the coolest point of 
the night) would reduce yield. 
Several physiological processes acting at night are 
temperature-dependent, such as degradation, removal and dis­
tribution of carbohydrates produced in the leaves during the 
day, respiration, amount of "growth" (increase in size), etc. 
The altered rates of these processes at night have been re­
ported to modify the metabolism during the day; the most fre­
quent aspect cited is the depression of photosynthesis (Moss, 
1965; Bingham, 1973)• These changes were described mainly for 
earlier stages of maize development. Very few data are found 
for the period of kernel formation. 
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Based on this background, I applied treatments of differ­
ent night temperatures to young maize plants in the vegeta­
tive stage of de lopment (with 10 leaves), and to plants at 
the beginning of kernel formation (plants between the second 
and fourth week after silking). The specific objectives were: 
1. To determine short-term changes in the levels of 
sucrose, starch, reducing sugars, amylolytic enzymes, 
and sucrose hydrolytic enzymes, as influenced by 
night temperature. 
2. To relate the pattern of carbohydrate metabolism at 
night to the rate of photosynthesis. 
3. To determine the effect of night temperatures on the 
variation of respiration. 
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REVIEW OF LITERATURE 
Temperature as a Factor of Development 
The temperature of plant organs tends to correspond close­
ly to that of the immediate environment and this relationship 
is most evident between soil temperature and root temperature 
(Daubenmire, 1974). Maize is no exception to this rule, in 
spite of slight differences in temperature between the air and 
the above ground organs. 
The variation in temperature to which plants are subjected 
is related to latitude and altitude. At intermediate lati­
tudes, temperatures differ considerably between day and night, 
and between summer and winter. This situation changes pro­
gressively toward the equator, or toward the poles. At the 
equator, the seasonal variation is less extreme than the di­
urnal oscillation. Near the poles there is great seasonal 
variation, but little daily change. 
Environments at different latitudes or altitudes provide 
temperatures that may be suited for the completion of the life 
cycle of a plant if the extremes are not above or below the 
ones required by the plant. In this sense the concept of 
cardinal temperatures is important. Cardinal temperatures 
(Daubenmire, 1974) are defined as "the minimum below which a 
function is not detectable, the maximum above which it is not 
detectable, and the optimum at which the function progresses at 
maximum velocity." 
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To correlate the variability of the environment with the 
developmental processes of the plant, we must consider two 
aspectsI 
1. Most cultivated plants complete their life cycle over 
a period of a few months or years and consequently are sub­
jected to both seasonal and daily variations in temperatures. 
2. Different developmental processes of the same plant 
may have different temperature requirements, which can change 
with the age of the plant. Different organs of the same plant 
that perform a similar process may differ in their temperature 
requirements. 
The most obvious implication is that probably very fre­
quently different processes of a plant are not being performed 
at optimum temperatures. This would explain the change in the 
pattern of development observed when plants are grown in a 
rangs of temperatures. 
To understand the significance of temperature in plant de­
velopment, it is necessary to determine the optima for various 
processes, and also the optimum for the development as a whole 
(Stalfelt, i960). The optimum temperature for the whole plant 
may or may not change in a diurnal fashion. Some plants have 
been reported to develop better in a constant day-night tempera­
ture. Others perform better in an oscillating type of environ­
ment. The first type of environment is rare in agricultural 
areas. The second is most frequent, and the range of tempera­
ture varies as previously described. Went (1953) reviewed the 
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thermoperiodicity requirements for several plants, and re­
ferred to it as an adaptation of plants to the daily cycle of 
high day and lower night temperatures. 
The adaptation to the temperature of an environment is re­
flected in the total mass produced by a plant. Total mass is 
the result of the rate of production and the duration of pro­
duction. Yoshida (1972) points out that the duration is more 
affected by temperature than is the rate. The balance between 
duration and rate is an important factor in the production of 
many crops. Duration is less important if the environment is 
rather uniform throughout the year, as in tropical regions, 
whereas at higher latitudes the length of the growing season 
is sharply delimited and the period of development has to be 
adjusted. The duration and rate are influenced by day and 
night temperatures and consequently the physiological processes 
are different in the two parts of the day. 
My research focuses principally on metabolic and develop­
mental aspects of plants grown at different nocturnal tempera­
tures. 
Plant Development as Influenced by Night Temperatures 
It must be emphasized that the development of a plant in 
the field is subjected to many variables that are interdepen­
dent. Night temperature is not an exception, and it has strong 
interaction with such other environmental factors as photoperi-
od, day temperature, and amount of photosynthetic active 
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radiation. The sxage of development also must be considered 
in this picture, since the temperature requirements may change 
with the age of the plant. 
The economic yield of crops, the primary objective of 
agricultural systems, has been shown to be related to the tem­
peratures to which the plants are subjected at night. The case 
of the potato (Solanum tuberosum) is typical. Potatoes have 
different temperature requirements for different stages of 
growth. Emergence and early development are accelerated by 
high temperatures. Tuber initiation and development is quite 
dependent upon the temperatures at night. Initiation starts 
earlier and the number of tubers is higher when plants are 
grown at relatively cool night environments. High night tem­
peratures probably decrease yield more than high day tempera­
tures. Bodlaender (I963) and Smith (1968) reviewed these 
aspects. 
Another well studied plant in this respect is the tomato 
(Lycopersicon esculentum). The development of tomatoes was 
studied in the vegetative and fruiting phases by Went (1944a, 
1944b). The plants kept at 26.5 C during the day had a cooler 
night temperature requirement (17 to 20 C) for optimum growth, 
Hussey (I965), on the other hand, studied the influence of 
night temperature on plants younger than the ones Went used. 
He showed that maximum growth was obtained with temperatures 
around 25 C, and a decrease in temperature at night led to a 
decrease in growth. An interaction with stage of development 
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was indicated by Went (1945). He noticed a gradual shift in 
optimum night temperature» from 30 C for small tomato plants, 
to 18 C in the early fruiting stage. The optimum values were 
dependent upon variety, and upon light intensity. 
With respect to wheat (Triticum aestivum), "barley (Hordeum 
vulgare), and oats (Avena sativa), the temperature relationship 
is quite complex. Grafius (1956) and Peters et al. (1971) 
looked at the effect of night temperature during flowering and 
grain formation periods. They showed reduction in yield as 
the temperature increased above normal, but Grafius pointed out 
that there was an interaction with genotype. 
The most common cases reported on the effects of night 
temperature are the crops of tropical and subtropical origin, 
when cultivated in high latitudes and subjected to periods of 
low temperature that are below their minimum requirement for 
growth: 
Among forages, West et al. (1968) reported growth depres­
sion in pangola grass (Digitaria decumbens) when night tem­
peratures drop to around 10 C. Cooper and Tainton (1968) re­
viewed the light and temperature requirements of tropical and 
temperate grasses. They found marked differences between the 
two climatic groups in respect to growth at different nocturnal 
temperatures. The subtropical and tropical group grows ex­
tremely slowly, if at all, at temperatures around 10 to I5 C. 
Rice (Oryza sativa) also suffers serious limitations in 
yield when grown in areas subjected to low night temperatures 
9 
(below 15 C) as reported by Owen (1972a, 1972b) and Peterson 
et al. (1974). 
Gipson and collaborators reported the effect of low night 
temperatures on the fiber quality and quantity of cotton 
(Gossypium hirsutum) (Gipson, 1974; Quisenberry and Gipson, 
1974; Gipson and Joham, 1968b, 1969: Gipson and Ray, I969). 
Morphogenesis of plants is also strongly influenced by 
night temperature. As was previously discussed, the timing 
of physiological events is altered, and so is the morphology 
of the plant. The principal changes can be ascribed to varia­
tion in the plastochron, meristematic growth, and synthesis of 
floral hormone. 
The effect of temperature on morphology, similar to those 
mentioned for raize in the Introduction, were found for other 
crops. Gaddel and Weibel (1971) and Quinby et al. (1973) re­
ported retardation of floral initiation in sorghum (Sorghum 
vulgare) subjected to low night temperatures. In both studies, 
the response was dependent upon the photoperiod. Soybean 
(Glycine max) plants also responded to variation in night 
temperatures. Eaton (1924) reported a decrease froz 45 to 21 
days to flowering, when plants were at 10 C and 32.2 C at 
night. Peters et al. (1971) determined early senescence in 
soybean plants subjected to 26.5 C from flowering to maturity, 
compared to 18.3 C. 
Cotton also responded to variable night temperature, as 
shown by Gipson and Joham (1968a), Gipson and Ray (I969), 
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Gipson (1974), and Quiseriberry and Gipson (1974). Rate of 
fiber elongation, cellulose synthesis, rate of "boll develop­
ment, and fiber elongation period were all affected by tempera­
ture at night. 
Studies with rice showed a strong relationship between 
development and temperature. Vergara and Visperas (1970) 
determined that with IR8 cultivar the daily average minimum 
temperature had the highest positive correlation with growth 
duration. The work by Owen (1972a) with the same cultivar 
confirmed the above. With day temperatures at 30 C, and night 
temperature ranging from 15 to 25 C, the plants changed dras­
tically in their morphology. Tillers per plant and spikelets 
per panicle increased with cold nights. The number of fertile 
spikelets, fertile panicles per plant, and seed also varied. 
Floral initiation was prevented at 15 C. The period from 
floral initiation to panicle emergence was shorter at 20 C than 
at 15 or 25 C. Finally, from ear emergence to maturity, the 
15 C treatment gave the lowest yield and had the greatest 
number of days to complete the cycle. 
Some morphological changes also were observed in tobacco 
(Nicotiana tabacum) at several night temperatures ranging from 
2 C to 30 C (Camus and Went, 1952). With cool night tempera­
tures the leaves were short and narrow, there were fewer 
leaves, and the stem growth was slower. Again, days to flower­
ing decreased as the temperature increased, and there was an 
interaction with variety. 
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The development of a plant is a result of the rate and 
duration of all physiological processes (Yoshida, 1972), such 
as assimilation, respiration, translocation, organ formation, 
etc. The cardinal points with respect to temperature are de­
pendent upon each of these separate processes (Stilfelt, I96O); 
the temperature optima for development and for the single 
physiological processes cannot be equated. Particular physio­
logical processes are frequently measured in plant organs to 
observe the rates of development at different temperatures. 
Comparison of rates of development in plants that have 
different environments (with respect to temperature) and in­
terpreting their significance or contribution to the develop­
ment of the plant is a rather complicated subject. A very 
clear situation was provided by Steward et al. (1971) in 
studying the effects of prior conditions on CO2 exchange in 
leaves of several crops= He stated that 
different temperatures and photoperiod for a certain 
time produce, in responsive plants, a total level of 
growth, a particular form, and eventually changes in 
the reproductive system, which really produces a dif­
ferent plant. Hence, otherwise comparable leaves may 
really be part of essentially different systems and 
as such their responses may well be affected. 
The rate for a certain time period is expressed in dif­
ferent ways. One of the approaches is the use of growth 
analysis formulae (Radford, I967). Rajan and Blackman (1975) 
compared the growth components of several species [maize, 
cotton, French beans (Phaseolus vulgaris), and sunflower 
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(Helianthus annuus)! in a range of 15 C at night. NAR was 
not affected by night temperatures (either at 21,600 Ix or 
43,200 Ix), but at the high light intensity, it tended to be 
higher as the night temperature decreased. The leaf area 
ratio tended to decrease in most species as the night tempera­
ture decreased. The relative growth rate was reduced, with 
the exception of maize. This was also confirmed by Alberda 
(1969) for maize. Similar results were reported by Dale 
(1964) with French beans, using a range of temperatures (10, 
20, and JO C) at night. Plant dry weight was maximum at 20 C. 
LAR and RGR were high at 30 C, while NAR reached its peak at 
10 C. Hussey (1965) noted that the optimum night temperature 
for RGR depended upon the day temperature (interaction). In 
tomatoes, for the whole plant and for roots, the optimum night 
temperatures for RGR changed from 15 to 25 C, dependent upon 
day temperatures. As day temperature increased, so did the 
optimum night temperature. For shoots, there was no inter­
action; the best night temperature was 25 C. 
Some particular physiological processes have been shown to 
be affected as the temperature at night changes. Among them, 
respiration and photosynthesis have been studied extensively. 
There is good agreement among researchers that an increase 
in temperature at night leads to an increase in respiration. 
Austin and MacLean (1972) observed this correlation in French 
beans. In young maize (Alberda, I969) or old maize (Moss 
et al., 1961), the rate of respiration of the plant increased 
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with temperature at night. Palmer et al. (1973) reported that 
maize blades respired twice as rapidly as ears, on a weight 
"basis. Usually leaves have respiration rates between 1 and 
2 mg COg/dm^/hr (Heichel, 1970), while ears respire between 
.1 and 1 mg COg/gDW/hr (Hesketh and Musgrave, 1962). 
Variation of night temperature and photosynthetic rate 
has been investigated for many years. Most of the work was 
done with young plants in the earlier stages of development. 
Extrapolation of these data to conditions other than the ones 
to which the plant was subjected may not always be accurate. 
As Steward et al. (1971) pointed out, the photosynthetic rate 
is dependent upon the age of the plant and the photoperiod. 
For example, the photosynthetic rate of rice (type japonica) 
increased after being exposed to 12 C at night, compared to 
24 C, when the plants were 30 days old and subjected to short 
day length: At 80 days of age and the same photoperiod, the 
temperatures had an opposite effect. With long day length, 
30-day-old plants decreased photosynthesis with exposure to 
cold nights, but at 80 days photosynthesis increased. Alberda 
(1969) also showed that maize seedlings were more susceptible 
to reduction in RGR and CO2 assimilation than older plants 
when subjected to cold nights. Photosynthetic rate depressions 
due to cold nights were reported for sorghum (Pasternak and 
Wilson, 1972), for French beans (Austin and Maclean, 1972; 
Izhar and Wallace, 1967; Crookston et al., 197^), for maize 
(Moss, 1965? Bingham, 1973), for pangola grass (West, 1970; 
14 
Chaterton et al., 1972), and for alfalfa (Medieago sativa) 
(Chaterton, 1973). 
The effects of temperature may be localized within the 
COg assimilatory apparatus, or due to stomata operation, which 
in part govern the rate of supply of COg from the air to the 
carbon fixing tissues. The latter was suggested by Crookston 
et al. (1974), Pasternak and Wilson (1972), Austin and Maclean 
(1972), and Bingham (1973). A water deficit would develop 
during the night and the deficit would extend through part of 
the daylight hours. Drake and Salisbury (1972) determined leaf 
resistance in cocklebur (Xanthium strumarium) plants and found 
it much higher when plants were pretreated at night at 5 C, 
compared to those at 35 C. The photosynthetic rate was 
lower with the low temperature pretreatment. 
The other mechanism proposed for reduced photosynthesis 
assumes that the photosynthetic apparatus would be involved. 
The concept of a feedback effect of previously accumulated 
carbohydrates was reviewed by Neales and Incoll (I968). The 
basis of this idea is that there is a lack of translocation 
during the night and the carbohydrates accumulated one day 
would interfere with photosynthesis the following day. 
Milliard and West (1970) and Bingham (1973) suggested that 
this mechanism operated in pangola grass and in maize. West 
(1970), working with pangola grass, observed that plants at 
10 C had a lower photosynthetic rate compared with 30 C, 
evidenced by a reduced ability of chloroplasts to perform 
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Hill reaction and by the increased packing volume of these 
organelles. 
Haapala (1969c) showed, however, that build up of starch 
in leaves of chick weed (Stellaria media) during prolonged 
illumination was without effect on photosynthesis, a fact 
confirmed by Forde et al. (1975)' 
The total amount of chlorophyll as influenced by night 
temperature is another factor suggested. West (1970) and 
Alberda (I969) did not observe changes in the amount of chloro­
phyll in plants at different night temperatures. Youngner 
(1959). however, found that Bermuda grass (Cynodon dactylon). 
a subtropical grass, when subjected to temperatures below 10 C 
at night, decreased in chlorophyll content; the severity of 
the effect was strongly dependent upon the day temperature. 
Slack et al. (1974) also report inhibition of chloroplast de­
velopment in Sorghum bicolor: Digitaria smutsii and Dallis 
grass (Paspalum dilatatum) when the plants were subjected to 
night temperatures of 4 C or less. The chlorotic bands (Paris 
bands) were associated with chlorophyll deficiency only in the 
mesophyll cells. 
The structural changes mentioned above were also referred 
to by Garrard and West (1972) and Taylor and Craig (I97I). The 
latter authors noticed in maize that when chilling temperatures 
are imposed, the chloroplast structure changes. The chloro­
plast as a whole swells with changes in the membranes. It 
seems that the chloroplast is the most sensitive organelle. 
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and differences between plants adapted to various environments 
have been shown by Kimball and Salisbury (1973) • They ob­
served structural changes in chloroplasts of rye (Secale 
cereale). Bermuda grass and Dallis grass. The temperate rye 
cultivars responded differently from the subtropical and 
tropical species. Mitochondria expanded slightly at reduced 
temperatures, but with little difference between cultivars. 
Changes in chloroplast structure may or may not be accom­
panied by changes of enzyme levels. Trehame and Cooper 
(1969) suggested that the poor growth of C-4 species at low 
temperatures was due to a much higher optimum temperature for 
PEP-carboxylase. Since it has been proposed that this enzyme 
regulates the photosynthetic rate in C-4 plants, there was a 
temptation to relate photosynthesis and enzyme level. Taylor 
et al. (1974) showed that the levels of NADP-malate-
dehydrogenase and pyruvate-Pi-dikinase are drastically reduced 
when maize and sorghum plants are subjected to low temperature 
stress. Also, the substrates of the enzymes increased when 
stress was imposed. Both enzymes are restricted to mesophyll 
cells. They suggested that the two enzymes become limiting 
to the C-4 cycle functioning when plants are subjected to 
low temperatures. They, however, did not show causality. 
Other explanations have been given to relate photosynthe­
sis to environmental temperature. For example, Wilson (I97O) 
grew perennial ryegrass (Lolium perenne) plants in two tempera­
ture regimes, 15/10 C and 25/20 C (day/night). Greater amounts 
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of starch, lower photosynthetic rates and larger mesophyll 
cells were reported for plants grown at the lower temperatures. 
He did not suggest a causal association between amount of 
starch and photosynthetic rate. Instead, it was hypothesized 
that the smaller the cell the higher the rate of photosynthe­
sis, and, therefore, the plants grown in higher temperatures 
would have greater rates. 
In CAM plants the effect of temperature at night seems 
to be crucial. Pineapple (Ananas comosus) and century plant 
(Agave americana) plants have their maximum net assimilation of 
COg at night when the temperatures during that period are 
fairly cold (around 15 C) and the assimilation rate decreases 
when the temperatures increase (Neales, 1973a- and 1973b). 
Apparently this is a response of adaptation to arid climates. 
Starch-Sucrose Interconversion in Leaves 
One of the common phenomena observed in plant leaves sub­
jected to low temperature is an accumulation of carbohydrates. 
The starch-sucrose balance seems to be sensitive to variation 
in temperatures and, as suggested previously, it may affect 
the photosynthetic rate of the leaves and other physiological 
processes as described by Neales and Incoll (1968). 
Milliard and West (1970) observed a large accumulation of 
starch in pangola grass plants subjected to suboptimal night 
temperatures. Wilson and Bailey (1971) also reported a 
greater starch level in perennial ryegrass, orchardgrass 
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(Dactylis glomerata), and tall fescue (Festuca arundinacea) 
subjected to cold conditions. Hewitt and Curtis (1948) de­
scribed the levels of carbohydrates (starch plus soluble 
sugars) in bean stems, leaves, and roots. In all organs, the 
levels decreased as the temperature increased from 10 to 40 C. 
Also, Went and Engelsberg (1946) reported sucrose levels in 
different parts of tomato plants subjected to different night 
temperatures. In the roots, petioles, stems, and blades, the 
sucrose level was always higher at low temperature (8 C) 
decreasing up to 26 G. 
Which process(es) causes the high carbohydrate accumula­
tion is still a matter of speculation. In summary, six 
processes have been thought to be responsible: low rate of 
translocation of assimilates, decrease in the growth rate, low 
rate of loading process of the phloem, lack of mineral supply, 
inactivation of enzymes responsible for the breakdown of 
starch, and level of hormones. Which one is the most important 
will probably be dependent upon the plant species and how it 
is being influenced by other environmental variables. This 
interaction is probably the reason that so many processes have 
been proposed as the mechanism for the accumulation of carbohy­
drates; they mainly represent a particular situation of the 
plant at a certain time. Haapala (1969a) reviewed starch 
metabolism in chloroplasts and pointed out that certain 
activities of several plant organs greatly influence this 
metabolism. 
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A short review of the processes referred to as being 
responsible for carbohydrate accumulation is given. 
The effects of temperature on the rate of translocation 
was described thoroughly by Crafts and Crisp (1971). The 
changing of the temperature of the whole plant or parts of the 
plant has an effect on the amount of carbohydrates translocated. 
In general, a decrease in temperature led to a decrease in the 
rate of translocation. Canny (1973) referred to the influence 
of low temperature in translocation as reducing the supply of 
metabolic energy and increasing viscosity. Nelson (1963) cited 
the optimum temperature of 30 C for translocation in maize; 
this rate decreased as the temperature was lowered (Hofstra 
and Nelson, 1969). Similar results were found in sugarcane 
(Saocharum officinarum) by Hartt (1965)• 
Wardlaw (1968) suggested that probably the primary effect 
of temperature on assimilate distribution is associated with 
growth rather than sugar distribution. In reviewing phloem 
transport, Wardlaw (1974) proposed that the movement of 
assimilates is not directly influenced by metabolism in sieve 
elements or surrounding cells. To support his point, he re­
ferred to the ability of conducting systems to function ade­
quately at low temperatures. 
Some work has been done to determine if the process of 
phloem loading would be the limiting factor in removing car­
bohydrates from the leaves. Nelson (I963) and Hofstra and 
Nelson (I969) suggested this step as a possible limitation. 
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One of the observable effects of nutrient deficiency is 
the accumulation of carbohydrates in the leaves, the same 
effect as that produced by low temperature. Haapala (1969a) 
discussed the role of nutrients in this relationship. Cause 
and effect of temperature and nutrient supply still need to 
be assured. 
The inactivation of the enzymes that degrade starch has 
been proposed as a cause of the accumulation of starch when 
plants are subjected to low temperatures. Karbassi et al. 
(1970, 1971) referred to the decrease in amylolytic activity 
in pangola grass grown at 10 C at night. The same trend was 
not found in orchardgrass, adapted to cooler climates 
(Karbassi et al., 1972). 
Finally, the role of hormones was reviewed briefly by 
Haapala (1969a) and will not be discussed here. 
'Whatever the process, affected by temperature, responsible 
for carbohydrate accumulation in leaves, it has the capacity 
of suppressing the breakdown of starch (feedback type of 
inhibition). The process of starch degradation is crucial, 
since the excess of carbohydrate products produced during the 
day over the capacity of translocation during daylight hours 
is stored in the form of starch. During the night the starch 
accumulated is translocated in the form of disaccharides to the 
growing points. There is a definite daily pattern for the 
carbohydrate content of the leaves. Sucrose increases early 
in the morning, with the peak just after noon, then decreases 
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slowly throughout the night (Went and Engelsberg, 19^6). 
Starch and other polysaccharides accumulate mainly during mid-
and late afternoon, decreasing during the night, with the 
minimal level just before sunrise (Hartt, 1935)* On cool 
nights, both the level of starch and the level of sucrose 
remain higher. 
The starch-suerose balance that occurs in stored potato 
tubers is directly related to storing temperature. Both 
sucrose and reducing sugars accumulate during low temperature 
storage (around 1 C). When the same tubers are transferred tc 
higher temperatures (10 C or above), the accumulated sugars 
are lost, probably reconverted to starch. Isherwood (1973) 
suggested that in potato tubers under storage, the starch may 
be broken down continuously and resynthesized by two different 
processes. "The temperature of the tuber would be responsible 
for determining which pathway was accelerated and the balance 
is linked to the complex of enzymes governing the carbohydrate 
interchange." Tishel and Mazelis (I966) observed the variation 
in the level of some enzymes when the tubers were transferred 
from one temperature to another. They suggested that the low 
temperature led to an increase in sucrose due to a temporary 
decrease in aldolase activity. Also, there was an increase 
in the invertase activity, an increase in monosaccharide con­
centration, and a decrease in the activity of phosphohexose-
isomerase. The same increase in sugars at low temperatures 
with the concomitant appearance of the enzyme invertase was 
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also noted by Pressey and Shaw (I966). The surge in activity 
of invertase when the level of sucrose increases has not yet 
been perfectly established. It occurs in many tissues sub­
jected to variable levels of sucrose; it may be just a sub­
strat e-induced enzyme. Alexander (1973) reviewed several 
evidences showing that invertase is not involved in sucrose 
synthesis. 
In sugarcane, Alexander (1965a, 1965b) studied 
the conversion of starch to sucrose in relation to the role 
played by amylase. He suggested that amylase may be important 
in the sucrose forming process during the day by decreasing 
starch accumulation and consequently diverting the photosyn-
thates to sucrose production. In a later paper, Alexander and 
Kumar (197^) suggested that g-amylase and ATPase were partici­
pating in the sucrose mobility of sugar cane leaves. 
de Fekste and Yievseg (197^b) proposed a mechanism for the 
starch-sucrose balance in the bundle sheath and mesophyll 
cells of maize leaves. The important sugar is probably 
glucose-l-P from which both sucrose and starch can be formed. 
Glucose-l-P in the mesophyll cells can be utilized by UDPG-
pyrophosphorylase forming UDPG which can combine with a mole­
cule of fructose-6-P, forming sucrose-6-P, a reaction catalyzed 
by suerose-phosphate-synthetase. On the other hand, glucose-1-
P in the bundle sheath cell can be utilized in the reaction of 
starch formation, catalyzed by the enzyme phosphorylase. UDPG-
pyrophosphorylase probably has a lower Km than phosphorylase, 
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so the process of sucrose formation has a preference over 
starch formation. Also, the amount of inorganic phosphate is 
important in the balance of the several pathways. When in­
organic phosphate is very low in the cell (high conversion of 
ADP to ATP) during the day, then the synthesis of starch by 
ADPG-pyrophosphorylase may proceed. 
Amylases act on starch breakdown, both during xhe day and 
the night. The activity is controlled by the amount of maltose 
produced, which has a feedback inhibition (Vieweg and de 
Fekete, 1973)• 
The balance between all these pathways (sucrose formation, 
starch formation, and starch degradation) is probably con­
trolled by the level of inorganic phosphorus. When sucrose 
export from the leaves is decreased, the level of sucrose 
phosphate increases and a part of the phosphate is sequestered, 
making it unavailable for other processes in the cell. Sucrose 
phosphate increases due to an inhibitory effect that sucrose 
and maltose have on suerose-phosphatase. If the level of 
phosphate decreases and UDPG-pyrophosphorylase is inhibited, 
then the process of starch formation is favored. In the dark, 
due to a lack of phosphate and ATP, less maltose is metabolized 
and the increase in its concentration leads to an inhibition 
of starch breakdown. 
In maize, de Fekete and Vieweg (1974a) suggested phos-
phorylase and ADPG-synthetase as the most important enzymes in 
starch synthesis. Also, Downtown and Hawker (1973) agreed 
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that ADPG-starch-synthetase and phosphorylase are important 
in starch synthesis in maize leaves. Nevertheless, de Fekete 
and Vieweg (1973a-) refer to a major synthetic pathway due to 
phosphorylase, while ADPG-starch-synthetase would be active 
only under certain conditions. 
Some of the reactions discussed above are analyzed and 
their localization in the leaves follows. 
Cardini et al. (1955) and Leloir and Cardini (1955) de­
scribed the mechanism of sucrose and sue rose-phosphate bio­
synthesis. Sucrose is synthesized by the following reaction 
UDPG + fructose sucrose + UDP 
The enzyme that catalyzes this reaction is sucrose synthetase. 
The formation of sucrose phosphate is done by* 
UDPG + fructose-6-P ^  sucrose-P + UDP 
The enzyme sucrose-phosphatase removes the phosphate from 
the sucrose-P molecule. 
Sucrose-P sucrose + Pi 
The synthesis of UDPG is as follows* 
UTP + Glvoose-l-P ^  UDPG + Pi 
• p 
The equilibrium of this reaction is affected by Mg concen­
tration and the pH of the reaction medium. 
The formation of sucrose is probably done in mesophyll 
cells of maize leaves (de Fekete and Vieweg, 1973b). Downtown 
and Hawker (1973) observed most of the enzymes necessary for 
sucrose formation in mesophyll cells of maize and sugar cane. 
In napiergrass (Pennisetum purpureum). Bucke and Oliver (1975) 
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suggested that both bundle-sheath and mesophyll cells may be 
able to synthesize sucrose, due to a relatively high activity 
of the enzyme in these two tissues. Inside the cells, the 
exact location is still a matter of controversy. It seems 
that sucrose-synthetase and sucrose-P-synthetase are localized 
in the chloroplast, but some reports suggest that synthesis 
of sucrose may occur in the cytoplasm outside the chloroplast. 
Starch synthesis and degradation occur in the chloroplast. 
In maize leaves, most of the starch normally is found in the 
bundle-sheath cells, where the greatest activity of starch 
synthesizing enzymes are found; but they can also be found in 
the mesophyll (Huber et al., 1969; Downtown and Hawker, 1973). 
Only under special conditions tan starch accumulate in the 
chloroplasts of the mesophyll cells, such as under continuous 
illumination (Downtown and Hawker, 1973). 
The main pathways of starch formation are? 
a) Glucose-l-P + ATP -» ADPG + Pi 
The reaction is catalyzed by ADPG-pyrophosphorylase. 
ADPG + a-glucan - a-l,^ glucosyl-glucan + ADP 
The reaction is catalyzed by ADPG-starch-synthetase. 
b) Glucose-l-P + a-glucan - a-1,4 glucosyl-glucan + Pi 
Phosphorylase catalyzes the reaction. 
Starch is made of amylose and amylopectin. Amylose is 
composed of chains of a-1,4 glucose molecules. Amylopectin 
also has chains of a-1,4 glucose and branching joints with a 
a-1,6 linkage. The formation of the a-1,6 linkage is catalyzed 
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by Q-enzyme and probably involves the association of a-1,4 
chains of glucose from the amylose fraction. These different 
materials can be attacked by several enzymes, de Fekete and 
Vieweg (1.974b) stated that starch is first degraded by amylases 
a and g, producing maltose and oligosaccharides. Dunn (197^) 
postulated that a-amylase is the first enzyme to attack a starch 
granule and that g-amylase, R-enzyme, limit dextrinase, and 
a-glucosidase would be complementary. The action of a-amylase 
would be the limiting step in this pathway. The final product 
of starch degradation is glucose, which can enter the pathway 
where it is preferentially needed. 
The role of phosphorylase is not very clear. It can 
catalyze the synthesis of starch or the reverse reaction; the • 
balance will depend mainly on the equilibrium ratio of inor­
ganic phosphate and glucose-l-P (Akazawa, I965). 
•The action of a-amylase on starch, in addition to provid­
ing substrates for further degradation of the glucose chains, 
is also important as a source of primers. These primers are 
utilized by starch synthesizing enzymes, which cannot initiate 
a reaction without the presence of an already formed chain of 
glucose. 
Sucrose and Invertase in Maize Kernels 
Shannon (I968, 1972) described the path of carbon through 
the base of the kernel up to the site of starch formation. He 
reports that sucrose coming from the phloem has to be 
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hydrolyzed at the base of the kernel and the products, glucose 
and fructose, travel through the intercellular space up to the 
cells where they will be used mainly in starch synthesis. The 
evidence for this proposed pathway is that the soluble sugars 
are mainly in the pedicel and the lower part of the endosperm. 
In this region about 6o^ is sucrose and the rest is glucose 
plus fructose. In the upper part of the endosperm, there is 
little soluble sugar. If the sucrose is hydrolyzed at the 
base of the kernel, then invertase enzyme should be present. 
Shannon and Dougherty (1972) confirmed the presence of the 
invertase, which was very active in the placento-chalazal and 
pedicel tissues, and not so active in the pericarp. Both 
soluble and bound acid invertase were found; the proportion of 
one or the other changes with time. Tsai et al. (1970) mea­
sured soluble invertase in the endosperm of maize kernels. 
They showed a sharp increase from 8 to 12 days after pollina­
tion, decreasing thereafter. 
A similar mechanism was described by Sacher et al. (I963) 
in the stalk of sugar cane. It was suggested that acid in­
vertase might be a rate limiting step in the movement of 
sucrose from the medium to the storage compartment. Sucrose 
has to be broken down in the outer space and resynthesized in 
the metabolic compartment. Glasziou and Gayler (1972), in 
reviewing the mechanism of storage of sucrose in sugar cane, 
pointed out that the hexoses are transferred across the mem­
brane as such, then are phosphorylated in the metabolic 
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compartment, and finally suerose-phosphate is formed. The 
movement to the vacuole is preceded by a dephosphorylation. 
Assessment of a regulatory role to invertase in the movement 
of sucrose to the kernels is tentative. More information is 
necessary on which factor may be controlling it. 
The presence of a- and B-amylases also has been reported 
in maize kernels. Their role has not been established; sug­
gestions are that they may act as a primer originator, promot­
ing short chains for the starch synthesizing enzymes (Jaynes, 
1966). Bernstein (19^3) described an early unsuccessful 
attempt to relate amylases in the kernel with starch synthesis. 
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MATERIALS AND METHODS 
Experiments on the Effects of Night Temperature 
on the Levels of Carbohydrates and Enzymes 
Growth chamber experiments 
The first experiment was conducted in 1974, with 36 pots 
(11.4 1 capacity) filled with a mixture of 4*2:1 parts soil, 
peat, and sand. The pots were placed on a greenhouse bench and 
planted May 1 with five seeds per pot of the maize hybrid 
A619XA632. After germination (May 6) they were thinned to two 
plants per pot. On May 24 the pots were moved outside, in the 
same arrangement, to an area adjacent to the greenhouse. This 
was done because the temperature in the greenhouse was higher 
than desired for this experiment. The plants were watered as 
needed. One g per pot of fertilizer (10-10-10) dissolved in 
water was supplied initially once a week and later every two 
or three days. 
On June 4, when the ninth leaf had just fully expanded, 
six pots were selected randomly (border pots were not included) 
and moved to a temperature-controlled chamber (21.1 C and ca. 
10i000 Ix provided by a mixture of white fluorescent and in­
candescent bulbs). Six hours later, three sets of two pots 
each were moved to three different darkened chambers at dif­
ferent temperatures» 15*5# 21.1, and 32.2 C. They remained 
in the dark for 11 hours, after which the fifth, sixth, 
seventh, and eighth leaves were sampled. 
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The leaf area midway between the tip and the base of the 
leaf was sampled, and stored on ice. In the laboratory, the 
samples were washed with distilled water and blotted dry. The 
midvein was discarded before cutting the leaf samples into 
small pieces. 1.5 to 2 g samples were weighed. Samples from 
the fifth and seventh leaves were kept in 20 ml 75^ ethanol. 
Samples from the sixth and eighth leaves were placed in small 
aluminum foil bags. All samples were stored in a freezer 
at -35 C. 
Samples from the fifth and seventh leaves were analyzed 
for starch, sucrose, and reducing sugars. Those from the 
sixth and eighth leaves were analyzed for amylolytic enzymes, 
sucrose hydrolytic enzymes, and protein. Procedures for these 
analyses are described in the last part of Material and Methods. 
On June 7 the other six pots with plants were moved to the 
V ^ Wfc W O w W X X W ^  W ^ VA 6* WA4W 6 6 V * W «k ^  
pots chosen June 4. The experimental design was a split plot 
with two replications. Temperature of the chamber was con­
sidered as the whole plot, and leaf position as the subplot. 
The second experiment was performed in 1975» with 6o pots 
(11.4 1 capacity) filled with a mixture of 2:1 parts soil and 
sand, placed on a greenhouse bench under natural daylight. The 
maize hybrid cultivar Pioneer 3570 was planted (six seeds per 
pot) March 2. After germination (March 7). they were thinned 
to two plants per pot. Fifty ml of a nutrient solution 
(Epstein, 1972) was added initially once a week, and later 
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every two or three days. Water was supplied when necessary. 
On May 14, at 5 p.m., three sets of 16 randomly selected 
pots were put in three different darkened, temperature-
controlled chambers, at 4, 15 and 2? C. At different times, 
two pots per chamber were randomly selected for sampling, 
after 0, 1/3, 2/3, 1, 3, and 8 hours in the chambers. 
Leaves from the same position (sixth or eighth) of the two 
plants in the same pot were combined. From each leaf position 
and each pot, two samples (between .2 and .4 g) were collected. 
The samples were prepared and stored in the same way as de­
scribed for the 197^ experiment. They were assayed for starch, 
sucrose, and reducing sugars (samples stored in 75^ ethanol), 
amylolytic enzymes, sucrose hydrolytic enzymes, and protein 
(samples enclosed in aluminum foil bags). Procedures for 
these analyses are given in the last part of Materials and 
Methods. 
Field experiments 
The field experiments were conducted during the summers 
of 1974 and 19751 at the Hinds Farm, Ames, Iowa, on the Skunk 
River floodplain. The soil type is a Hunt s ville silt and 
Spill ville loam. Each year, 45, 45, and 93 kg/ha of N, P, and 
K, respectively, were broadcast in the spring. When the plants 
were about 50 cm tall, 130 kg/ha of N was side-dressed. The 
cultural practices, such as soil preparation, sowing, weed 
control, were similar to those used in the region. Additional 
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water was given by sprinkler irrigation. The maize cultivar 
used was the midseason hybrid Pioneer 3570. 
Two .1 ha plots were planted in 197^. one May 2^ and one 
June 18. The space between rows was 75 cm; the population 
approximately 44,500 plants/ha. The first planting silked 
(75^) July 31, the second August 18. In 1975» an area similar 
to that used in 1974 was planted May 13 at the population rate 
of 54,400 plants/ha and 75 cm between rows. Seventy-five per­
cent of the plants silked July 21. 
Six chambers, each one enclosing three to four plants, 
were built to provide different temperatures at night in the 
field. The frames, built of electric conduit, had the follow­
ing dimensions* base and top 90 x 90 cm, height 240 cm, 
total volume 1.944 m^. The frames were covered with clear 
plastic which could easily be removed. Every plastic had an 
opening (ca. 5x5 cm) at the top. The fraine plus the plastic 
is referred to as a chamber. 
Four of the chambers had a built-in thermostat controlled 
electric heater with a fan which pulled outside air across the 
heating coils into the chamber. The thermostat and a thermo­
graph were placed at the middle of the chamber at about 1 m 
height. Each chamber also had a small electric fan which 
operated continuously to give turbulence to the air. The out­
flow of air at the top of the chamber was about .453 m^/min 
and as the heater was in operation at least one-third of the 
time, the air was replaced fast enough to avoid building up 
33 
of COg during the night. 
In 1974, two chambers were connected by flexible, insu­
lated air ducts to an 8,000 BTU air conditioner in continuous 
operation. Each chamber held a thermograph at about 1 m 
height, in the center. There were no additional fans. In 
1975f the two chambers were independently connected to two 
air conditioners. No attempt was made to control the atmos­
pheric moisture content. 
In the field, the chambers were divided into three groups 
of two. Low, medium, and high temperatures were obtained with 
this arrangement, which was followed in all experiments. The 
actual temperatures obtained are given for each particular 
experiment. 
The first field experiment performed in 197^ was on the 
levels of carbohydrates and enzymes in the leaves, kernels, 
and stalk after a whole night at different temperatures= 
Three different night temperatures (two chambers per 
temperature) were applied for one night on plants in the area 
planted May 24. The treatments were replicated Aug. I3» 18, 
20, and 21 (I3 to 21 days after silking). They were arranged 
in a completely randomized design where the three temperatures 
were considered as treatments and the four days as replications. 
Each day the chambers were randomly distributed over the 
field, each enclosing three plants. The heaters and air con­
ditioner were put into operation at sunset (between 8 and 
8;30 p.m.) and the chambers were removed at sunrise (between 
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6 and 7 a.m. ). The temperatures in the chambers showed some 
variation during the night (following the oscillation pattern 
of the air temperature outside) and between days, but the 
variation was always within a certain range. The three treat­
ments were: 15*5 ^  2.7 C, 21.1 ± 2.? C, and 26.6 ± 2.? C. 
When the chambers were removed, the middle part of the 
ear-node leaf (midvein discarded) and the middle part of the 
ear were sampled and placed in aluminum foil bags kept in an 
ice bath for about 1 to 2 hours. In the laboratory, the 
leaves were washed with distilled water, blotted dry, cut into 
small pieces and two samples (about 1 g) of each leaf were 
weighed. One of them was placed in 755^ ethanol and the other 
was put in an aluminum foil bag. They were stored at -35 C 
until analyzed. 
The samples were analyzed for starch, sucrose, and reduc­
ing sugars (samples kept in 75f<> ethanol)j amylolytic enzymes, 
sucrose hydrolytic enzymes, and protein (samples kept in 
aluminum foil bags). Procedures are described in the last 
part of Materials and Methods. 
The intemode above the node of the ear insertion was cut, 
wrapped in aluminum foil, kept in ice for 1 to 2 hours and 
brought to the laboratory. There it was squeezed and a few 
drops of sap were put in a refractometer (Atago, Tokyo, Japan) 
to read the percentage of soluble solids, which is approximate­
ly the percentage of soluble sugars. Two ml of the sap were 
put with 20 ml 75f° ethanol and kept in a freezer at -35 C 
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until analyzed. 
A second experiment in 197^ was performed on the levels of 
carbohydrates and enzymes in the leaves and kernels after half 
a night at different temperatures. 
Three different night temperatures (two chambers per 
temperature) were applied for half a night (about four hours) 
on plants in the area planted June 18. The treatments were 
replicated Sept. 3, 5, and 7 (16 to 20 days after silking). 
The treatments were 4.4 ± 2.7 C, 12.8 ± 2.7 C, and 21.1 ± 
2.7 C. Treatments were allocated in a completely randomized 
design replicated three times. The application of the treat­
ments, sampling and handling of samples were the same as those 
followed when temperatures were imposed for a whole ni^t. 
Time of sampling was between 11: 30 p.m. and midnight. An 
additional sampling was taken from the ears just prior to the 
placement of the chambers at sunset. 
The analyses performed on the samples were* starch, 
sucrose, and reducing sugars (samples stored in 75% ethanol); 
amylolytic enzymes, sucrose hydrolytic enzymes, and protein 
(samples stored in aluminum foil bags). Procedures used in 
the laboratory are described in the last part of this section. 
Experiments on the Variation with Time of the 
Levels of Carbohydrates and Enzymes 
Diurnal variation 
In 1975» five plants were randomly selected for each 
sampling time in the field July 30» Samples were taken at 
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8 a.m., 10 a.m., 2 p.m., 5 p.m., 7 p.m., 8 p.m., 9 p.m., 10 
p.m., midnight, and July 31 at 3 a.m., 5 a.m., 7 a.m., 9 a.m., 
and 11:30 a.m. (nine days after silking). The treatments 
(14 sampling times) were arranged in a completely randomized 
design. The five plants taken each time were considered as 
replications. The sampling technique and the handling of the 
ear and ear-node leaf samples were previously described for the 
field experiments. All samples weighed 1.5 g and were stored 
at -35 C until analyzed. 
Determinations made were: starch, sucrose and reducing 
sugars (samples stored in 759^ ethanol); amylolytic enzymes, 
sucrose hydrolytic enzymes, and protein (samples stored in 
aluminum foil bags). Procedures are given in the last part 
of this section. 
Weekly variation 
In 1975, four sets of three leaves (ninth leaf) each 
were collected from the field area at about 3 p.m. June 26, 
July 3, 8, 14, 21, 25, 29, and Aug. 6. The treatments (eight 
different dates) were arranged in a completely randomized de­
sign with four replications. 
Four samples (1.5 g each) were weighed each time and 
analyzed for amylolytic enzymes, sucrose hydrolytic enzymes, 
protein, and starch. Sampling technique and handling was 
similar to the other field experiments. Procedures for 
analyses are given in the last part of this section. 
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Experiment on the Effect of Temperature 
at Night on Respiration (1974) 
On Aug. 22, 1974, temperatures ranging from 8.9 to 21.1 C 
were imposed to the above ground part of maize plants enclosed 
by chambers in the field area planted May 24. 
Respiration was measured between 9 and 12 p.m. The 
chambers, each with three plants, were completely sealed and 
the increase in COg inside the chamber was recorded for 
about 30 minutes. A sample of the inside air was being con­
tinuously pumped to a Beckman 15A infra-red gas analyzer. The 
leaf area of the plants was calculated by multiplying leaf 
length times maximum width times .75» The above ground plant 
parts were collected and dried for four days at 7I C, and the 
weight of the plants per chamber was calculated. 
The respiration rate was calculated based on the variation 
in COg concentration in the chamber over a certain time, and 
is expressed on a leaf area and on a dry weight basis (mg 
CO2/dm /hr or mg COg/gDW/hr). A regression line was fitted. 
The independent variable was the chamber temperatures and the 
dependent variables were mg COg/dm /hr and rag C02/gDW/hr. 
Experiments on the Effect of Night Temperature 
on Photosynthesis and Leaf Resistance 
Photosynthetic rate 
Three different night temperatures (8.6 ± 2.7 C, 21.1 ± 
2.7 C, and 32.2 ± 2.7 C), with two chambers per temperature, 
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were applied for one night to plants in the field (13 to 17 
days after silking) in 1975* The treatments were replicated 
Aug. 3» 6, and 7—a period with no rain and with day tem­
peratures of about 30 to 33 C. The treatments (temperatures) 
were assigned in a completely randomized design replicated 
four times (different days). The placement and handling of 
chambers was similar to other field experiments described. 
At 10 a.m. , the upper half of the ear-node leaf was col­
lected and wrapped in a moistened paper towel. In the lab­
oratory, a 1.5 X 12 cm section was cut and preconditioned for 
30 min in light in order for the leaves to reach an equilibrium 
before the COg exchange rates were measured. Next they were 
put into an air-staled chamber and the COg exchange was mea­
sured by an infra-red gas analyzer (Beckman model 865). This 
method (detached leaf technique) is described by Pearce et al. 
(ca. 1976). Results were expressed in mg C02/dm /hr. 
Leaf resistance 
The resistance of the ear-node leaf of plants (8 days 
after silking) preconditioned for two days at three different 
night temperatures (5, 15.2, and 26.6 C) was measured at 
10 p.m. Aug. 8, 1975» in the field. The treatments (tempera­
tures) were arranged in a completely randomized design with 
eight replications. Placing and handling of chambers were 
similar to that described in other field experiments. 
The leaf resistance was measured with a diffusion-
39 
resistance porometer, calibrated before field measurements 
(commercially available from Lambda Instruments Corp., Lincoln, 
Nebraska). The data were expressed in sec cm-1. 
Laboratory Procedures 
Two kinds of samples collected from the field and growth 
chambers were analyzed in the laboratory. Samples for car­
bohydrate determinations were stored in 75/^ ethanol; those 
for enzyme analyses were stored in aluminum foil bags. 
Standard techniques of analyses for carbohydrates 
Samples were ground with mortar and pestle at room tem­
perature with about 5 ml of 75^ ethanol, and acid-washed fine 
sand in an amount equalling the weight of the sample. The 
mixture was centrifuged in a 50 ml tube for 10 min at 1,000 g. 
The residue was washed twice with 20 ml of 75^ ethanol and all 
of the supernatant fractions made to either 75 ml or 100 ml 
with 75^ ethanol. Sucrose and reducing sugars were determined 
in this fraction. 
The pellet, which was used for starch determination, was 
washed with 10 ml of acetone and 10 ml of absolute ethanol, 
then dried in a vacuum oven at 40 C. By this technique, more 
than 97^ of the soluble sugars were removed from the pellet. 
The samples were again stored at -35 C. 
The reducing sugars were determined by the Nelson-Somogyi 
procedure (Nelson, 19^4; Somogyi, 1945). Three 1 ml sub-
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samples of the supernatant, appropriately diluted, plus 1 ml 
of Somogyi's reagent, were placed in a boiling water bath for 
20 min, followed by addition of 1 ml of Nelson's reagent. The 
absorbance of the solution was read at 5^0 nm in a Bausch and 
Lomb Spectronic 20. An appropriate standard curve was made 
with glucose. Reducing sugars were expressed in mg glucose/g 
fresh weight of the sample. 
Sucrose was determined from the supernatant by drying an 
appropriate sample under forced air. Sucrose was hydrolyzed by 
adding 1 ml of incubation buffer (sodium acetate .01 M, pH 
4.5) containing 5 units of invertase (INVERTASE, melibiase 
free, from Nutritional Biochemical Corporation) and by incubat­
ing for 1 hr at room temperature. The reducing sugars were 
measured according to the Nelson-Somogyi method. The amount of 
sucrose was calculated by subtracting the amount of reducing 
sugar in the sample before hydrolysis; the value obtained (mg 
of glucose) was converted to mg of sucrose. All the data are 
given in mg sucrose/g fresh weight of the sample. The amount 
of invertase which was used (5 units/ml) resulted from pre­
liminary tests and was sufficient for the total hydrolysis of 
sucrose normally present in the samples analyzed. 
Starch was determined by two different methods: 
1. The 1974 samples were analyzed according to Nielsen 
(1943). This method consisted of solubilizing the starch in 
72J? hydrochloric acid, to which was added a solution of potas­
sium iodide and potassium iodate; after the color developed, it 
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was read at 670 m in a Bausch and Lomb Spectronic 20. An 
appropriate standard curve was made, using Lintner starch. 
Starch values were expressed in mg starch/g fresh weight. 
2. In the 1975 experiments, the method described by 
MacRae (1971) was used. The sample, dissolved in buffer 
(sodium acetate .1 M, pH 4.8), was placed in a boiling water 
bath for 50 min to dissolve the starch. The sample, to which 
.5 mg of amyloglucosidase dissolved in the same buffer was 
added, was incubated for 48 hr at 55 C. An aliquot of the 
supernatant was deproteinized according to Somogyi (1945) and 
a fraction was incubated with 2 ml of a glucose oxidase solu­
tion for 1 hr at 35 C. The glucose oxidase reagent was pre­
pared as described by Kilbum and Taylor (1969). The reaction 
was stopped with 5 N HCl and the absorbance read at 5^0 nm. 
An appropriate standard curve was made using glucose. The 
factor .91 was used to adjust the values from glucose to 
starch. The data were expressed as mg starch/g fresh weight. 
Standard analyses of amylolytic enzymes, suerose hydrolytic 
enzymes. and protein 
Samples were ground in a cold mortar and pestle, with 
acid-washed PVP (insoluble polyvinylpyrrolidone, Polyclar AT), 
using an amount equal to half of the sample weight, acid-
washed sand in an amount equal to the sample weight, and 10 
to 30 ml (depending upon the sample size) of buffer (potassium 
phosphate .02 pH 7.O, in 1974; or Tris-HCl .02 M, pH 7.O 
plus .01^ Triton-X-lOO, in 1975)* The mixture was centrifuged 
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for 10 min at 1,000 g at 2 C. The supernatant was dialyzed 
against water for about 3 hrs in 1974, or against water plus 
.01# Triton-X-100 overnight in 1975» The samples were stored 
in small bottles in a refrigerator (ça. 4 C) until analyzed. 
Amylolytic activity was measured by the increase in re­
ducing sugars when the crude enzyme preparation was incubated 
with starch. One ml of appropriately diluted enzyme extract 
was incubated at 35 C for 10 or 20 min (depending upon the 
enzymatic activity) with 1.0 ml of a solution of Vfo Lintner's 
soluble starch, in 1974 (2# in 1975) plus 10 mM of calcium 
chloride and 1 ml of buffer (potassium phosphate .05 M, pH 
6.0, 1974; or Tris-HCl .02 M, pH 5*5. in 1975). The reducing 
sugars were determined at zero time and at the end of incuba­
tion so the activity of the enzymes was expressed as the 
amount of reducing groups given by the difference between 
zero and 10 cr 20 min, using tv;o subsamples. î.laltose v;as used 
to make an appropriate standard curve. The activities were 
expressed in mg maltose/g fresh weight/hr, or for specific 
activity as mg maltose/mg protein/hr. 
Amylolytic activity was also measured by the decrease in 
color in a starch-iodine solution. Kernel extracts (1 ml) 
were incubated for 1 hr at 35 C with .5 ml of \fo starch solu­
tion, plus 10 mM of calcium chloride and 1 ml of buffer 
(potassium phosphate .1 M, pH 6.0, in 1974; or Tris-HCl .02 M, 
pH 5.5, in 1975). A 1 ml aliquot was stained with 5 ml of an 
iodine-HCl complex (Karbassi et al., 1971), containing iodine 
4] 
and potassium iodide, and the absorbance was read at 625 nm. 
The same procedure was done on a set of tubes read at zero 
time. The difference in absorbance between samples stained 
before and those stained after incubation was expressed as the 
activity of the enzymes. The data were presented as AOD/g 
fresh weight/hr or AOD/mg protein/hr. 
For leaves, the method was similar to that for kernels, 
but the incubation time was 2 hr. and the buffer was Tris-HCl 
(.02 M, pH 9.0). The results were expressed as AOD/g fresh 
weight/2 hr or AOD/mg protein/2 hr. 
Sucrose hydrolytic enzymes were measured by the increase 
in the reducing sugars when incubated with a sucrose solution. 
One ml of appropriately diluted enzyme extract was incubated 
for 15 to 20 min at 35 C with 1 ml of a .18 K sucrose solution 
and 1 ml of buffer (sodium acetate .02 M, pH 5'0)« The activi­
ty of the enzyme was calculated by the difference in reducing 
sugars of the mixture before and after incubation (zero to 
20 min). Glucose was used to make the standard curve. The 
data were expressed as mg glucose/g fresh weight/hr or mg 
glucose/mg protein/hr. 
Protein was analyzed according to the method given by 
Potty (1969). An appropriate standard curve was determined 
each time with Fraction IV bovine serum albumin. The data 
were expressed as mg protein/g fresh weight. 
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Determination of optimum conditions for enzyme extraction 
and assay 
The procedure for extraction of the enzymes was based on 
a series of experiments. Standard extraction and assay pro­
cedures were followed unless otherwise stated. The leaf 
tissue used in these analyses was sampled from greenhouse 
grown plants with about 10 leaves. The eighth and ninth leaves 
were used. The kernels were sampled from field grown plants, 
about 20 days after pollination. 
To determine the optimum buffer pH for extraction, leaf 
or kernel samples were ground at different pH values, ranging 
from 3 to 9. The results are given in Table 1. At pH 7.0 
(selected for extraction) there was good protein extraction, 
and the activity of enzymes was at the highest level. 
Triton-X-100 at .01# was used in the extraction buffer in 
1975. but when tested at different concentrations it did not 
show any increase in the activity of amylolytic enzymes in 
maize leaves. It was included as a precautionary measure. 
The same situation was encountered with insoluble polyvinyl­
pyrrolidone (PVP). It was included, nevertheless, in the 
grinding medium at about of the weight of the sample. As­
corbic acid and dithiotreitol were tested in the grinding 
medium, but neither showed any advantage in increasing the 
activity of amylolytic enzymes in leaves. Takeda and Hizukuri 
(1972), Loomis and Bataille (1966), and Anderson (1968) re­
ported the protective effect these products have for some 
Table 1. Amylolytic and sucrose hydrolytic enzyme activities of maize leaves and kernels as 
influenced by the pH of the extraction buffer (average of three samples) 
Maize leaves Maize kernels 
Buffer (.02 M) pH 
Amyl olytic activity* 
Sucrose 
hydrolytig 
activity Protein* 
G 
Amylolytic activity Protein 
G A B C D E F A B C D 
Sodium-acetate 3 1.80 6.04 .005 5.98 - - .86 0 0 .042 .506 .08 
Sodium-acetate 4 2.70 1.72 .006 7.36 5.03 .901 1.64 11.01 22.62 .083 .155 .53 
Sodium-acetate 5 8.55 1.38 .016 4.82 7.80 .359 6.92 12.12 6.61 .258 .140 1.83 
Tris-HCl 6 9.12 .74 .042 6.74 8.46 .224 12.48 17.34 2.13 .308 .073 8.36 
Tris-HCl 7 6.75 .36 .082 8.82 13.46 .309 18.46 15.90 1.46 .351 .032 10.91 
Tris-HCl 8 2.73 .13 .080 7.65 12.27 .321 20.96 15.27 1.44 .362 .034 10.65 
Tris-HCl 9 2.88 .13 .078 7.11 - - 22.02 16.02 1.59 .363 .036 10.06 
= mg maltose/g FW/hr; B = mg maltose/mg protein/hr; C = A0D/.5 g FW/hr; D = AOD/mg protein/ 
hr; E = mg glucose/g FW/hr; F = mg glucose/mg protein/hr; G = mg protein/g FW. 
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enzymes. 
The optimum conditions for the assay of enzymes were 
based on the following experiments: 
The enzymatic activities assayed over a range of differ­
ent pH's are given in Table 2. Based on these results, 
amylolytic enzymes (measured by the increase in reducing 
sugars) of kernels and leaves were assayed at pH 6.0 in 1974, 
and at pH 5-5 in 1975- In the. method using starch-iodine 
color change, the same pH was used for kernels, but leaves 
were assayed at pH 9«0« 
For both leaves and kernels, sucrose hydrolytic enzymes 
were analyzed at pH 5'0, the optimum pH for the acidic frac­
tion of the soluble enzymes. 
Calcium chloride (10 ml/i) was added in assays for amylo­
lytic enzymes. This was a precautionary measure, since maize 
leaves and kernels cnntaip a-airy which usually requires a 
certain amount of calcium. 
The Km of the amylolytic enzymes, assayed by the increase 
in reducing sugars, was determined for the crude extracts of 
kernels and leaves. Leaf samples were assayed at five starch 
concentrations: .1, .5. 1. 2, and to determine the 
initial velocities. A Lineweaver-Burk plot was constructed 
(Figure 1) and the Km was 1.1^ starch. Based on this, the 
original value of used in the assays of 1974 was changed to 
2^ in 1975. 
For kernel crude extract, the Km obtained was .52^ 
Table 2. Amylolytxc and sucrose hydrolytic enzyme activities of maize leaves and 
kernels at different pH values of the assay buffer (average of four 
samples) 
Maize leaves Maize kernels 
Amylolytic 
activity 
Sucrose 
hydrolytic 
activity 
C 
Amylolytic 
activity 
Suerose 
hydrolytic 
activity 
F Buffer pH A B D E 
Sodium-acetate 3 7.78 .012 6.25 2.21 .020 8.72 
Sodium-acetate 4 8.51 .031 6.40 9.24 .104 8.30 
Sodium-acetate 5 8.34 .037 4.75 15.17 .165 9.16 
Tris-HCl 6 7.42 
0
 
0
 2.25 12.70 .148 9.30 
Potassium-phosphate 6 7.81 
Tris-HCl 7 6.79 .048 5.45 9.60 .084 4.57 
Potassium-phosphate 7 6.45 
Tris-HCl 8 5.76 .035 .10 3.41 .040 -
Potassium-phosphate 8 1.95 
Tris-HCl 9 2.50 .043 .10 .17 .033 -
Sodium-carbonate 9 .060 .80 .69 
Sodium-carbonate 10 .028 .06 0 
= mg maltose/g FV/hr; B = AOD/2 g FW/hr; C = mg glucose/g FW/hr; D = mg 
maltose/g FW/hrj E = AOD/.5 g/hr; F = mg glucose/g FW/hr. 
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Figure 1. Lineweaver-Burk plot lor kinetics of amylolytic 
enzymes in young maize leaves 
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(Figure 2). The amount of starch used in the assay was 1^, 
constant for both years. 
The Km for the sucrose hydrolytic enzymes was not deter­
mined. The sucrose concentration used in the incubation medium 
was based on the results of Kaufman et al. (1973). 
Gharacterization of amylolvtic enzymes 
It has been reported that 3-amylase is more thermolabile 
than a-amylase, and that phenylmercuric chloride (PMC) can be 
an inhibitor of P-amylase with only a small effect on a-amylase 
(Bendelow, 19^3; Whelan, 1958; Goldstein and Jennings, 1975). 
Several experiments were delineated to detect the reduction in 
activity of the crude extract enzymes when these treatments 
are applied. Maize leaves and kernels were prepared and 
assayed according to standard methods. 
The leaf extract of one set of samples was preincubated 
before assay with .2 ml of a saturated solution of PMC for 15 
min at room temperature. The extract of another set of 
samples was preincubated at 60 C for 20 min before assay. The 
amylolytic activity was measured by the increase in reducing 
groups, or by the change in color of a starch-iodine solution. 
The treatments (standard conditions, PMC, and heat) were ar­
ranged in a completely randomized design with four replications. 
For kernels, samples of the crude extract were preincu­
bated for 15 min at room temperature with different amounts of 
saturated PMC (0, .1, .2, .3, and .5 ml) before assay. They 
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Figure 2. Lineweaver-Burk plot for kinetics of amylolytic 
enzymes in maize kernels 
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were also treated at room temperature, 50, 60, and 70 C 
for either 10 or 20 min before assay. The amylolytic enzyme 
activities were determined by both methods. The treatments 
(different temperatures, different concentrations of PKC ) were 
arranged in a completely randomized design with five replica­
tions. 
In another experiment, the amylolytic enzymes were 
separated according to Davis (1964) and Carter et al. (1972) 
by electrophoresis. Leaf and kernel samples were prepared by 
standard procedures and .5 ml of the extract placed on top of 
p 
100 X 5 mm glass tubes, with small pore polyacrylamide gels 
(without spacers), where Vfo starch solution replaced the water 
phase. A Tris-glycine buffer (pH 8.3) was used in the reser­
voirs. The samples were run at 10 C for 2 hrs, until the 
bromophenol blue marker arrived at the base of the gel, with 
a 3 m amp current/gel. The gels were incubated for 18 hrs 
(leaf samples) or 5 hrs (kernel samples) in buffer (sodium-
acetate .02 M, pH 4.8) and then overnight in a refrigerator 
(ça. 4 C) with a 10^ TCA solution. They were then stained 
with an iodine-potassium iodide solution and stored in de-
ionized distilled water. 
Three replicates were used for each of three different 
concentrations of PMC (2, 6, and 10^ of a saturated solution) 
added to the incubation buffer. The number of bands was de­
termined at 600 nm, with a Gilford spectrophotometer provided 
with a gel scanner. 
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Characterization of monosaccharides and oligosaccharides 
present in leaves and kernels 
Mono- and oligosaccharides were determined by gas chroma­
tography. Plants were sampled nine days after silking in the 
diurnal experiment already described. The 5 a.m., 9 a.m., 
2 p.m., and 9 p.m. samples were used. 
Two replicates of each sample (1.5 ml for leaves, 2.5 ml 
foi kernels) were dried by forced air, mixed with water for 1 
hr, and then with CHCl^ for phase separation. To the upper 
aqueous phase, which was dried by an air stream, was added 
150 fig of an internal standard (methylnonadecanoate, Applied 
Science Laboratories, Inc.), dried again and stored in a 
desicator until used. 
To each sample .3 ml of TriSil Z (Pierce Chem. Co., 
Rockford, 111. ) was added, and 3 kil of the sample was injected 
in a gas chromatograph (Packard Becker model 41?) equipped 
with dual flame ionization detector. Columns were 3$ OV-l? 
on chromosorb/w (HP), 8 ft x % in glass columns. The column 
oven temperature was programmed to rise from I50 C to 215 C at 
3.5 C/min, then immediately increased to 260 C for the duration 
of the sample run. The program was initiated at the emergence 
of the solvent peak. The identification of the sugars was 
based only upon retention time. 
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RESULTS 
Results of the experiments are grouped under similar 
headings as in the Materials and Methods section, but not 
necessarily in the same order. 
The statistically significant differences at the 59^ and 
Vfo levels of probability are represented by • and •*, while 
nonsignificant differences are indicated by ns. Interactions 
were omitted from analyses of variance tables whenever there 
was no significant interaction. 
Monosaccharides and Oligosaccharides 
in the Leaves and Kernels 
Gas chromatograph analyses showed that the main soluble 
oligosaccharide in the leaves in the post-silking period was 
sucrose. Monosaccharides were present in small amounts, of 
which fructose and glucose were the most prevalent. They 
accounted for most of the reducing sugar values obtained in 
the laboratory measurements. Maltose was detected in trace 
amounts. 
In kernels, the only disaccharide found was sucrose. 
Glucose and fructose were the major monosaccharides that 
accounted for the reducing sugar values determined by the 
Nelson-Somogyi method. A qualitative analysis of the sugars 
present in leaves or kernels at different times of the day 
(5 a.m., 9 a.m., 2 p.m., and 9 p.m.) did not show any diurnal 
variation. 
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Amylolytic Enzymes 
The effect of pretreatment of crude extract of maize 
leaves with heat or with PMC on the activity of the amylolytic 
enzymes depended upon the assay method and on the pH of the 
assay buffer (Tables 3 and 4). 
The amylolytic enzymes, which were analyzed at pH 4.0 by 
the increase in reducing sugars, decreased in activity when 
pretreated with PMC or heat (6o C for 15 min). At pH 9.0, 
there was no change in activity under the treatments. At pH 
4.0, the activity was higher than at pH 9'0, but by the starch-
iodine color method, the activity was higher at pH 9.0 than 
at pH 4.0. Using the latter method, the preincubation with 
PMC or heat did not change the activity at pH 9.0, but de­
creased the activity at pH 4.0. Apparently the enzymes active 
at pH 4.0 are more susceptible to the pretreatments imposed, 
and are better detected by the method using reducing sugars 
than those active at pK 9.0, which are better detected by the 
starch-iodine color method. 
Pretreatment of crude extract of kernels with increasing 
PMC concentrations or increasing temperatures (either for 10 
or 20 min) decreased the activity of the amylolytic enzymes 
(Tables 3 and 4). 
The activity of enzymes analyzed by the increase in re­
ducing sugars method decreased more under the pretreatments of 
50 or 60 C (10 or 20 min) than when assayed by the starch-
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Table 3* Means of amylolytic enzyme levels of extracts of 
maize leaves and kernels pretreated with phenyl 
mercuric chloride and heat 
Treatment 
(preincubation) 
Assay 
medium 
pH A1 B2 
Maize leaves 
None 4 7.86 a^ .065 be 
9 .60 b .078 b 
PMC^ .2 ml 4 .15 b .046 d 
9 .0 b .102 a 
Heat 60 C - 15 min 4 1.27 b .054 cd 
9 1.58 b .080 b 
Maize kernels 
PMC 
0 ml 6 29.97 a .316 a 
.1 ml 6 17.67 b .298 b 
.2 ml 6 4.32 c .202 d 
.3 ml 6 4.20 c .219 c 
.5 ml 6 5.25 c .224 c 
Heat 
None 6 26.88 a .399 a 
50 c • - 20 min 6 17.64 b .387 a 
60 c - 20 min 6 9.42 c .293 b 
70 C • - 20 min 6 8.82 c .083 d 
50 c - 10 min 6 20.64 b .386 a 
60 c • - 10 min 6 15.57 b — 
70 C • - 10 min 6 8.52 c . 116 c 
= mg maltose/g FW/hr; B = AOD/g FW/hr. 
2 
PMC = phenylmercuric chloride (ml saturated solution 
added to the crude extract). 
3 
In this and subsequent tables in this dissertation the 
means followed by the same letter within a column are not sta­
tistically different (1^ or 5?^ level) according to Duncan's 
Multiple Test Range. 
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Table 4. Analyses of variance of the amylolytic enzyme 
levels of extracts of leaves and kernels pre-
treated with phenylmercuric chloride (PKC) and 
heat 
Source df MS F 
Maize leaves - Amylolytic activity (starch-iodine color) 
Treatments 5 .00159 14.4** 
Residual 18 .00011 
Maize leaves - Amylolytic activity (reducing sugars) 
Treatments 5 35-^5 31.85** 
Residual 18 1.11 
Maize kernels, heat treatment - Amylolytic activity (starch-
iodine color) 
Treatments 5 .102? 323.1** 
Residual 24 .0003 
Maize kernels, heat treatment - Amylolytic activity (reducing-
sugars) 
Treatments 6 242.2 22.<** 
Residual 28 10.7 
Maize kernels. PMC treatment - Amylolytic activity (starch-
iodine) 
Treatments 4 .0132 41.1** 
Residual 20 .0003 
Maize kernels, PMC treatment - Amylolytic activity (reducing-
sugars) 
Treatments 4 650.I 38.1** 
Residual 20 17-1 
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iodine color method. Treatment at 70 C for 10 or 20 min 
affected equally the activity determined "by both methods of 
analysis. The pretreatments with PMC had a similar effect to 
that described for heat. 
The bands of amylolytic enzymes separated by gel electro­
phoresis are presented in Figure 3» In the maize kernels, 
there were seven bands in the control. When incubated with 
PMC at concentrations of 2, 6, or 10^, only three bsinds re­
mained. In leaves, there were four bands in the control and 
three bands when PMC was added at several concentrations. 
Variation of Carbohydrates and Enzymes with Time 
•Diur-nal variation 
The level of carbohydrates in the ear-node leaf of field 
plants at nine days after silking changed with the time of 
day, as indicated in Tables 5 send 6, There was no comparison 
of means since the carbohydrates showed a typical diurnal 
fluctuation (Figure 4). Sucrose and starch levels increased 
during the morning (sucrose increased earlier) and remained 
high throughout the afternoon. Sucrose dropped sharply between 
7 and 10 p.m. (transition from day to night), and remained low 
until next morning. Starch decreased steadily throughout the 
night. Levels of reducing sugars showed small daily oscilla­
tion in a pattern similar to that of starch and sucrose. None 
of the enzymes analyzed in the leaves showed statistically 
significant difference during the day. 
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Figure 3* Gel electrophoresis of amylolytic enzymes of maize 
leaves and kernels as influenced by 2, 6, or 10% 
phenylmercuric chloride (PMC) 
Table 5. Kean ear-node leaf carbohydrate and enzyme levels^ at different times of 
the day (1975) 
Time of 
the day 
July 
8» 00 
11:00 
2» 00 
5*00  
7*00 
8,00 
9 * 0 0  
10:00 
12:00 
30 
a.m. 
a.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
July 31 
3:00 a.m. 
5:00 a.m. 
7:00 a.m. 
9:00 a.m. 
11:30 a.m. 
Reducing 
sugars! 
A 
4.0 
4.7 
H 
4.1 
4.9 
IJ 
4.4 
5.9 
Sucrose Starch Amylolytic activity 
B (Î D E F 
15.9 
29.9 
42.6 
40.7 
40.0 
32.2 
27.9 
22.3 
21.8  
17.9 
17.9 
18.5  
21.2 
32.3 
1.3 
1.8 
5 
10 
9 
8 
9 
8 
9 
1 
4 
7 
0 
4 
7.8 
7. 
3. 
2 .  
3. 
3. 
.4 .04 .04 2.1 
1.8 .10 .06 3.5 
1.3 .08 .04 2.5 
.6 .05 .03 3.2 
.9 .08 .03 3.0 
1.7 .13 .05 3.6 
1.0 .12 .04 4.7 
1.4 .12 .04 4.5 
1.7 .14 .04 3.5 
2.2 .17 .05 3.7 
2.5 .18 .04 3.4 
1.1 .07 .05 3.6 
1.1 .09 .05 3.8 
1.8 .15 .07 5.1 
Sucrose 
hydrolytic 
activity 
H I 
I:? 
7.7 
t-J 
tl 
8 .2  
5.8 
7.2 
6 . 1  
9.3 
.35 
.41 
.54 
.47 
.38 
il 
.51 
:76 
= mg glucose/g FW; B = mg suerose/g FW; C = mg starch/g FWj D = mg maltose/g 
PW/hr; E = mg maltose/mg protein/hrj F = AOD/g FW/hrj G = AOD/iig proteiryhr; H = 
mg glucose/g PW/hr; I = mg glucose/mg protein/hr. 
Table 6, Analyses of variance for carbohydrate and enzyme levels of the ear-node 
leaf and kernel of maize at different times of the day (1975) 
Ear-node leaf Kernels 
Variables Source df MS F 
CV 
% MS F 
CV 
% 
Reducing 
sugars 
Time 
Residual 
1.93 
.32 
6. ,05** 12 20.29 
6.01 
3. 38** 8 
Sucrose Time 
Residual 
424.0 
29.0 
14. 78** 20 49.7 
41.1 
1. 21ns 37 
Starch Time 
Residual 56 
46.0 
3.8 
11. 97** 33 • 
Total amyl. 
act. (reduc­
ing sugars) 
Time 
Residual 
1.73 
1.37 
1. 26ns 84 373.5 
217.1 
1. 72ns 29 
Specific amyl. 
act. (starch-
iodine) 
Time 
Residual 56 
9.24x10-3 
7.70x10-3 
1. 20ns 81 7.94 
4.19 
1. 89ns 31 
Total amyl. 
act. (starch-
iodine) 
Time 
Residual 56 
.484x10-3 
.532x10-3 
• 
91ns 51 .88x10-3 
5.77x10-3 
• 
15ns 36 
Specific amyl. 
act. (starch-
iodine) 
Time 
Residual 56 
3.14x10-6 
4.04x10-6 
• 
78ns 56 18.5x10-6 
126.8x10-6 
• 
15ns 41 
Total sucrose 
hydrolytic 
activity 
Time 
Residual 5^ 
8.49 
4.73 
1. 79ns 34 821.5 
464.3 
1. 77ns 54 
Specific su­
crose hydrol. 
activity 
Time 
Residual 5^ 
.09 
.051 
1. 75ns 45 11.1 
7.02 
1. 58 ns 52 
[] Sucrose 
Starch 
Q Reducing sugars 4 0  • •  1 0  
Pi 
W Jh 
W) U) 
10 
a.m. 
12 12 2 4 6 8 10 
a.r.. p.m. p.m. p.m. p.m. p.m.. p.m. 
10 
a.m. a.m. a.m. a.m. a.r . 
Time of the day 
Figure 4. Sucrose, starch and reducing sugars of the ear-node leaf of maize at 
different time of the day (1975) 
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Analyses of partial correlation coefficients indicated 
association between the levels of reducing sugars and sucrose 
(Table ?)• Also, the levels of amylolytic enzymes, measured 
by increase in reducing sugars, were positively associated 
with the levels of the sucrose hydrolytic enzymes. 
In tile kernels, the reducing sugar levels varied slightly 
during the day, but without any specific pattern (Tables 6 and 
8). Sucrose did not show statistical differences in levels, 
but the tendency was to be higher during the morning. None 
of the enzymes shewed any significant variation during the 
day. 
Sucrose correlated with sucrose hydrolytic activity 
(Table ?)• The amylolytic activity determined by the increase 
in reducing sugars method was negatively associated with 
sucrose hydrolytic activity and with amylolytic activity mea­
sured by the starch-iodine method. The latter correlated with 
the sucrose levels and with the sucrose hydrolytic activity. 
Weekly variation 
The starch and enzymes levels of the ninth leaf of field 
plants, sampled from 23 days before silking to 16 days after 
silking, are given in Table 9« The analyses of variance 
(Table 10) indicated that the amylolytic enzyme activity, as 
detected by the reducing sugars method, decreased steadily 
during this period. Starch levels were more or less constant 
throughout the period, decreasing in the last two weeks. 
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Table ?• Partial correlations between carbohydrate and enzyme 
levels of ear-node leaf and kernels at different 
time of the day (1975) 
Ear-node leaf Kernels 
Variables^ R Variables^ R 
RS X SUCR .42** RS X TAA(I) .24* 
TAA(RS) X TSHA .51** RS X SAA(I) .28* 
TAA(RS) X SSHA .36** SUCR X SAA(RS) -.33** 
SAA(RS) X TSHA .53** SUCR X TAA(I) .35** 
SAA(RS) X SSHA .50** SUCR X TSHA .65** 
SUCR X SSHA .61** 
TAA(RS) X TAA(I) -.2?* 
TAA(RS) X SAA(I) -.26* 
TAA(RS) X SSHA -.31* 
SAA(RS) X TSHA -.40** 
SAA(RS) X SSHA -.38** 
TÀÀ(ï) X TSHA .36** 
TAA(I) X SSHA .46** 
SAA(I) X SSHA .35** 
RS = reducing sugars; SUCR = sucrose; TAA(RS) = total 
amylolytic activity (reducing sugars); SAA(RS) = Specific 
amylolytic activity (reducing sugars); TAA(I) = total amylo-
lytic activity (starch-iodine color); SAA(I) = specific amylo­
lytic activity (starch-iodine color); TSHA = total sucrose 
hydrolytic activity; SSHA = specific sucrose hydrolytic 
activity. 
Table 8. Mean kernel carbohydrate and enzyme levels^ at different times of the day 
(1975) 
Time of 
the day 
July 30 
8:00 
111 00 
2 I 00 
5:00 
7 ,00  
8i00 
9100 
10:00 
12:00 
a.m. 
a.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
July 31 
3:00 
5*00  
7:00 
9i00 
11:30 
a.m. 
SL • ni t 
SL t in • 
a.m. 
3. • m • 
Reducing 
sugars 
A 
31. 
31. 
31. 
37. 
33. 
34: 
32. 
32. 
2 
1 
9 
1 
k 
0 
6 
2 
33.0 
30.9 
29.2 
35" 5 
32.3 
Sucrose 
B 
20 .2  
23.3 
16.3 
16.3 
15.3 
16.2 
10.7 
13.4 
13.3 
13.4 
18.1 
19.3 
20.9 
18.6 
Amvlolytic activity 
D E 
Sucrose 
hydrolytic 
activity 
G 
48.2 6.4 .19 .026 29.6 
42.9 5.5 .22 .027 48.6 
55.0 7.0 .19 .023 24.9 
63.2 8.8 ,22 .029 28.5 
61.3 7.5 .22 .027 38.8 
48.5 6.2 .21 .027 33.1 
53.4 7.3 .22 .029 30.0 
61.2 8.5 .19 .027 27.8 
49.7 6.5 .21 .027 40.4 
35.6 4.4 .21 .027 55'8 
59.3 7.9 .21 .029 28.9 
37.5 5.0 .23 .030 64.4 
46.0 6.0 .23 .031 50.1 
51.5 6.6 .22 .027 55.1 
H 
4.0 
6.3 
3.1 
lâ 
4.2 
4.0 
3.9 
5.0 
7.1 
4.0 
8 . 0  
Î-I 
= mg glucose/g FWj B = mg sucrose/g FWj G = mg maltose/g FW/hrj D = mg 
maltose/mg protein/hrj E = AOD/g )W/1:30 hr; F = AOD/mg protein/l:30 hrj G - mg 
glucose/g FW/hr; H = mg glucose/mg protein/hr. 
Table 9* Means and partial correlations of starch and enzymes levels^ of the ninth 
leaf sampled at different days in the field (1975) 
Sucrose 
hydrolytic 
Amylolytic activity activity 
B C DE F G 
23 June 29 8.2 a 5.95 a .553 a .041 3.7 3.9 ab .36 
18 July 3 8.9 a 1.92 b .197 b .041 4.1 5.0 a .50 
13 July 8 8.5 a .95 b .077 b .046 3.9 4 .3  ab .38 
7 July 14 8.5 a .46 b .033 b 
.041 b 
.071 5.4 4.2 ab .32 
0 July 21 8.1 a .35 b .036 3.8 3.2 b .34 
4 July 25 8.3 a .07 b .006 b .040 3.5 4.7 a .40 
8 July 29 7.2 b .11 b .011 b .050 2.7 3.1 b .28 
16 Aug. 6 4.6 c .05 b .003 b .04? 3.1 3.9 ab .26 
Partial correlations 
Variables^ R 
A X F -.61** 
A X G -.45* 
A X E -.46* 
B X F .39* 
C X G .53** 
C X F 52** 
silking Day 
A = mg starcli/g FWj B = rag maltose/g FW/hr; C = mg maltose/rag protein/hr; 
D = AOD/g FW/2 hrsj E = AOD/(ig proteiiV'2 hrs; F = mg sucrose/g FW/hr; G = mg 
sucrose/mg protein/hr. 
Table 10, Analyses of variance of starch and enzymes levels of the ninth leaf 
sampled at different days in the field (1975) 
Variable Source df MS F CV io 
Starch Time 
Residual 
7 
24 
7.67 
.20 
37.7** 5 
Total amylolytic activity 
(reducing sugars 
Time 
Residual 
7 
24 
16.095 
.817 
19.7** 73 
Specific amylolytic activity 
(reducing sugars) 
Time 
Residual 
7 
24 
.141 
.009 
16.0** 81 
Total amylolytic activity 
(starch-iodine) 
Time 
Residual 
7 
24 
469.0x10-6 
529.0x10-6 
.9ns 49 
Specific amylolytic activity 
(starch-iodine) 
Time 
Residual 
7 
24 
2.52x10-6 
3.39x10-6 
. 74ns 49 
Total sucrose hydrolytic 
activity 
Time 
Residual 
7 
24 
1.73 
.39 
4.39** 15 
Specific sucrose hydrolytic 
activity 
Time 
Residual 
7 
24 
.023 
.009 
2.25ns 28 
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Sucrose hydrolytic activity differed between dates, but with 
no definite pattern. Starch levels correlated negatively 
with levels of amylolytic enzymes, as assayed by the starch-
iodine color method, and with sucrose hydrolytic activity. 
The latter were positively associated with the amylolytic 
enzymes assayed by the increase in reducing sugars (Table 9)-
The ear-node leaf was analyzed from July 21 (silking date) 
to Aug. 6, in an experiment not reported here. It showed the 
same pattern as in the analyses performed with the ninth leaf. 
Effects of Night Temperature on the Level of 
Carbohydrates and Enzymes 
Growth chamber experiments 
Plants with ten leaves were placed at three different 
temperatures (15.5t 21.1, and 32.2 C) in darkened, temperature-
controlled chambers and sampled after 11 hr. The levels of 
carbohydrates and enzymes of the ninth leaf are shown in 
Table 11 and the analyses of variance in Table 12. The two 
types of amylolytic enzymes activity did not show differences 
between temperatures, but the sucrose hydrolytic enzyme activi­
ty was higher at low temperatures. Sucrose levels were higher 
at 15.5 C, but showed little change between 21.1 and 32.2 C. 
The level of amylolytic enzymes was higher at the sixth 
leaf than at the eighth leaf, the same as for starch and re­
ducing sugars. Starch levels correlated with reducing sugar 
levels (R=.98 at the probability level of Vfo). 
Table 11. Means of carbohydrates and enzymes levels of the ninth leaf of young 
maize plants subjected to three different temperatures for one night 
in temperature-controlled chambers (1974) 
Tpmnpratnrp Reducing Amylolytic Sucrose hydro-
of chamber or sugars Sucrose Starch activity lytic activity 
leaf position A B C DE F G 
15.5 C 4.1 2.6 a .8 9.1 2.4 1.3 a .32 a 
21.1 G 2.6 . 6 b .4 5.7 1.6 1.0 b .29 a 
32.2 G 2.1 .2 b .4 7.7 1.8 .7 c .15 b 
Leaf 6 3.1 a 1.1 .59 a 13.6 a 3.6 a .68 .18 
Leaf 8 2.7 b 1.1 ,.47 b 1.4 b .3 b 1.33 .33 
A = mg glucose/g FW> B = mg sucrose/g FW; C = mg starch/g FWj D = mg maltose/ 
g FW/hr; E = mg maltose/mg proteir/hr; F = mg glucose/g FW/hrj G = mg glucose/mg 
protein/hr. 
Table 12. Analyses of variance of carbohydrate and enzyme levels of the ninth 
leaf of maize plants subjected to three different temperatures for one 
night in temperature-controlled chambers (197^) 
Variables Source df MS F CV % 
Reducing sugars Temperature 2 4.25 3.38ns 7 
Error a 2 1.26 
Leaf position 1 .750 15.7* 
Error b 3 .048 
Suerose Temperature 2 6.94 24.1* 15 
Residual 2 .29 
Starch Temperature 2 .237 1. 51ns 5 
Error a 2 .157 
Leaf position 1 .04320 55.1** 
Error b 3 .00078 
Total sucrose hydrolytic Temperature 2 .380 117.8** 60 
activity Residual 2 .003 
Specific sucrose hydrolytic Temperature 2 .0319 167.1** 42 
activity Residual 2 .0002 
Total amylolytic activity Temperature 2 11.38 1.98ns 24 
(reducing sugars) Error a 2 5.78 
Leaf position 1 446.28 137.1** 
Error b 3 3.25 
Specific amylolytic activity Temperature 2 .661 . 82ns 39 
(reducing sugars) Error a 2 .804 
54.3** Leaf position 1 32.51 
Error b 3 .60 
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In a second experiment (1975) the variation throughout 
the night of the levels of carbohydrates and enzymes was ob­
served in leaves of young maize plants subjected to different 
temperatures. The results, shown in Table 13. indicate that 
by the end of the night (8 hr in the dark) the levels of the 
starch, sucrose, and reducing sugars were higher at low tem­
perature (4 C) than at the two higher temperatures. 
Figure 5 shows the variation in levels of enzymes and 
carbohydrates during the first 3 hr of the dark period. Re­
ducing sugar levels increased up to 60 min, then diminished. 
The amount of sucrose increased sharply in the first 20 min, de­
creasing thereafter. Starch content showed a different pattern 
by decreasing in the first 20 min, followed by a sharp in­
crease until 60 min, and dropping again thereafter. Amylo-
lytic enzyme activity measured by increase in reducing sugars 
followed a similar trend as starch, but when measured by the 
starch-iodine method, the pattern was different. At 4 and 
17 C, there was a large increase at 20 min, to a high level 
maintained throughout the night, while at 28 C the activity 
was very low. The sucrose hydrolytic enzymes followed a pat­
tern similar to that of sucrose for 4 and 17 C, but not at 28 C. 
The data presented are the average of eight samples (two 
leaf positions of four plants) sampled at each time for each 
temperature. They should be considered cautiously because 
there was no replication and further experimentation is 
necessary to confirm these data. 
Table 13• 
Temp. 
(C) 
15 
27 
Means of carbohydrate and enzyme levels^ on the sixth and eighth leaves 
of maize plants when subjected to three different night temperatures in 
temperature-controlled chambers (1975) 
Time 
(hrs in 
dark) 
Reduc­
ing 
sugars 
A 
Sucrose 
B 
Stan: 
c: 
0 4.2 10.4 8.6 
1/3 4.1 17.3 6.5 
2/3 4.6 3.2 13.0 
1 3.9 6.5 7.7 
3 3.1 4.8 8.7 
,5 3.8 7.0 9.1 
8 5.7 4.0 10.5 
1/3 3.8 11.3 6.8 
2/3 5.2 9.3 9.8 
1 4.2 5.4 7.0 
3 3.8 3.1 8.4 
5 2.9 3.2 3.0 
8 4.7 .1 3.7 
1/3 4.3 14.3 7.6 
2/3 5.3 7.8 11.1 
1 4.9 4 .9  7.1 
3 4.0 3.0 7.0 
5 2.3 .5 7.0 
8 4.0 .1 6.1 
Amvlol.vtic activity 
D E F G 
5.5 .94 .007 .001 
1.0 .17 .177 .027 
10.8 2.25 .137 .027 
9.2 1.90 .157 .027 
2.3 .34 .203 .028 
5.2 .86 .209 .029 
2.2 .33 .227 .028 
4.6 1.13 .193 .024 
11.2 .67 .134 .013 
7.6 1.85 .126 .019 
7.3 1.30 .129 .021 
5.8 .97 .159 .024 
4.4 .73 .184 .023 
4.9 1.20 .042 .010 
13.9 4.08 .043 .012 
6.0 1.21 .029 .005 
4.4 .83 .019 .002 
8.4 1.94 .021 .008 
4.0 .48 .048 .008 
Sucrose 
hydrolytic 
activity 
H I 
1.35 .13 
5.33 .85 
2.13 .46 
2.17 .38 
2.56 .35 
3.55 .49 
3.27 .38 
2.96 .44 
3.96 .43 
3.69 .46 
3.73 .49 
3.52 .53 
4.47 .57 
.69 .10 
.35 .06 
1.74 .18 
1.86 .29 
1.15 .16 
1.26 .19 
= mg gluco«e/g PW; B = mg sucrose/g FW; C = mg starch/g D = mg maltose/g 
FW/hrj E = mg maltose/mg protein/hr; F = AOD/g FW/2 hrs; G = AOD/mg protein/2 hrs; 
H = mg glucose/g FW/hrj I == mg glucose/mg protein/hr. 
Figure 5* Means of carbohydrate 8Jid enzyme levels of the sixth and eighth leaves 
of young maize plants with ten leaves under three different night 
temperatures in temperature-controlled chambers (1975) 
Reducing sugars 
(mg glucose/g FW) 
Sucrose 
(mg/g FW) 
Starch (mg/g FW) 
0 1/3 2/3 1 3 
Time in the dark (hr) 
Amylolytic activity 
(mg maltose/g FV//hr) 
0 1/3 2/3 1 3 
Time in the dark (hr) 
Amylolytic activity 
(AOD/g FW/2 hrs) 
.100 
0 1/3 2/3 1 3 
Time in the dark (hr) 
0 1/3 2/3 1 3 
Time in the dark (hr) 
12 • 
0 1/3 2/3 1 3 
Time in the dark (hr) 
Sucrose hydrolytic 
activity (mg 
glucose/g FW/hr) 
0 1/3 2/3 1 3 
Time in the dark (hr) 
-v3 
4 C o = 15 G = 27 C 
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Field experiments 
The levels of carbohydrates and enzymes from four dates of 
sampling of field plants subjected to different temperatures 
for a whole night are shown in Table 14, and the analyses of 
variance in Table 15» 
The level of reducing sugars of the ear-node leaf did not 
change, but starch and sucrose levels were always higher at the 
low temperature (15»5 C) than at 21.1 and 26.6 C. Sucrose lev­
els were different on different days of sampling (interaction 
of day X temperature) as shown in Table 16. None of the en­
zymes from the ear-node leaf changed in activity levels with 
differing temperatures. The amylolytic enzyme activity mea­
sured by increase in reducing sugars was correlated with the 
levels of starch and reducing sugars (Table 17). 
For the kernels, carbohydrate and sucrose hydrolytic en­
zyme levels were the same at different temperatures. The spe­
cific activities of the amylolytic enzymes, both those assayed 
by the reducing sugar method and those assayed by the starch-
iodine color method, were highest at the lowest temperature. 
Reducing sugar levels were associated with sucrose levels and 
with sucrose hydrolytic enzyme activity, as indicated by the 
partial correlation coefficient shown in Table 17* 
The percentage of soluble solids determined by a refrac-
tometer, and the level of sucrose in the stalk sap were higher 
at low temperature (Tables 14 and 15)• 
Data on the level of carbohydrates and enzymes in the ear-
node leaf and in the kernels after a period of about 4 hr at 
night at three different temperatures are presented in Table 
Table 14. Means of carbohydrate and enzyme levels of maize 
plant parts (13-21 days after silking) subjected 
to three different night temperatures (whole 
night) in the field (1974) 
Reducing 
Plant Temp. ^"^ars Sucrose Starch 
part (±2.7 C) A B C 
Ear-node 15.5 2.70 7.62 2.85 a .41 
leaf 21.1 2.67 6.47 1.92 b .28 
26.6 2.28 6.79 1.80 b .38 
Kernel 15.5 18.0 26.2 31.4 
21.1 17.5 24.5 - 27.1 
26.6 15.0 26.8 - 26.9 
Stalk 15.5 «• 
21.1 — - — — 
26.6 — - — — 
A = mg glucose/g FW; B = mg sucrose/g FW; C = mg 
starcVê FW; D = rag maltose/g FW/hr; E = mg maltose/mg 
protein/hr; F = AOD/mg protein/hr; G = AOD/mg protein/hr; 
H = mg glucose/g FW/hr; I = mg glucose/mg protein/hr; J = 
^ soluble solids (refractometer reading); K = mg sucrose/ml 
sap. 
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Amvlolytic enzymes 
Sucrose 
hydrolytic 
activity 
Soluble 
solids Sucrose 
E F G H I J K 
.026 
.016 
.030 
-
- 12.3 
11.1 
9.8 
.71 
.60 
.58 
— — 
3.59 a 
3.03 b 
3.13 b 
.245 
.230 
.229 
.250 a 
.220 b 
.230 b 
00 
5.66 
6.09 
6.29 
— — 
11.5 a 82.7 
11.3 a 84.8 
10.5 b 73.2 
Table 15* Analyses of variance of carbohydrates and enzymes 
of maize plant parts (13-21 days after silking) 
subjected to three different night temperatures 
(whole night) in the field (1974) 
Ear-node leaf 
Variables Source df MS F 
Reducing sugars Temperature 
Residual 
2 
12 
.4407 
.1544 
2.85ns 
Sucrose Temperature 
Day X temp. 
Residual 
12 
6 
12 
2.8397 
8.2520 
.4032 
7.04** 
3.41** 
Starch Temperature 
Residual 
2 
12 
2.6317 
.7308 
3.60* 
Total sucrose hydro-
lytic activity 
Temperature 
Residual 
2 
12 
12.5004 
8.7479 
1.43ns 
Specific sucrose 
hydrolytic activity 
Temperature 
Residual 
2 
12 
.0367 
.0246 
1.49ns 
Total amylolytic 
activity (reducing 
sugars) 
Temperature 
Residual 
2 
12 
.0404 
.1094 
.37ns 
Specific amylolytic 
activity (reducing 
sugars) 
Temperature 
Residual 
2 
12 
4.041x10-4 
7.333x10-4 
.55ns 
Total amylolytic 
activity (starch-
iodine ) 
Temperature 
Residual 
2 
12 
Specific amylolytic 
activity (starch-
iodine ) 
Temperature 
Residual 
2 
12 
io soluble solids Temperature 
Resxdual 
2 
9 
Sucrose Temperature 
Residual 
2 
9 
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Kernels S talk 
CV % MS F CY fo MS F CY % 
15 20.71 2.72ns 16 
7.62 
9 12.15 .65ns 17 
18.70 
39 
27 100.3 1.34ns 16 
74.7 
25 .824 1.38ns 13 
.594 
93 50.72 3.23ns 14 
15.70 
112 .713 4.15* 13 
,172 
4.94x10-4 1.59ns 8 
3.11x10-4 
1.42x10-3 5.75* 7 
.25x10-3 
1.661 8.14** 4 
.204 
228.9 3.07ns 11 
74.7 
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Table 16. Interaction between leaf carbohydrates and days of 
sampling 
(a) Sucrose level of the ear-node leaf subjected to three 
different night temperatures for a whole night in the 
field (1974) 
Temp. Means (mg sucrose/g FW) 
±2.7 C Aug. 13 Aug. 18 Aug. 20 Aug. 21 
15.5 4.65 10.65 9.30 5.91 
21.1 3.31 7.85 8.21 6.52 
26.6 3.75 10.05 7.74 5.64 
(b) Reducing sugars, sucrose and starch levels of the ear-node 
leaf subjected to three different night temperatures for 
half a night in the field (1974) 
Reducing sugars Sucrose Starch 
±2.7 September September September 
c 3 5 7 3 5 7 3 5 7 
4.4 3.59 3.71 3.11 14.4 13.5 4.1 3.6 3.9 1.6 
12,8 2,67 3.50 3,29 12.1 8.1 3.8 4.8 3.4 2.8 
21.1 2.38 4.24 3.40 10.3 9.3 3.6 5.4 3.5 2.3 
18, and the analyses of variance data in Table 19. Plants 
were sampled on three days. Reducing sugar levels did not 
show differences between temperatures, but sucrose and 
starch content were higher at the lowest temperature (4.4 C) 
than at 12.8 and 21.1 C. The response of the carbohydrate 
levels to temperature was different according to the day of 
sampling, and an interaction was present (Table 16). The 
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Table 1?. Correlation coefficients between carbohydrates and 
enzymes of maize plant parts (13-21 days after 
silking) subjected to three different night tem­
peratures (whole night) in the field (1974) 
Kernels Ear-node leaf 
Variables^ R Variables^ R 
RS X TSHA • 58* TAA(RS) X RS .58* 
RS X SSHA .61* TAA(RS) X ST .49* 
RS X SUCR .72* SAA(RS) X RS .57* 
SAA(RS) X ST .59* 
ST = starch; RS = reducing sugars ; SUCR = sucrose; 
SSHA = specific sucrose hydrolytic activity; TSHA = total 
sucrose hydrolytic activity; SAA(RS) = specific amylolytic 
activity (reducing sugar method); TAA(RS) = total amylolytic 
activity (reducing sugar method) 
levels of sucrose and starch were correlated (R=.75) at the 
Vfo level of significance. There were no amylolytic enzymes 
detectable in the leaves, and the sucrose hydrolytic enzymes 
did not show variation between temperatures. 
The kernel data (Tables 18 and 19) indicate no variation 
in the levels of carbohydrates or enzymes between temperatures. 
An analysis of covariance was performed, including data from 
material collected from the ears just before the different 
night temperatures were imposed. The analysis of covariance 
did not improve the accuracy of the experiment and for that 
reason it is not presented. 
Table 18. Means of carbohydrate and enzyme levels of maize plant parts (16-20 
days after silking) subjected to three different night temperatures 
(half a night) in the field (197^) 
Sucrose 
Reducing Su- hydrolytic 
Plant 
part 
Temp. 
±2.7 G 
sugars 
A 
crose 
B 
Starch 
C 
Amylolytic 
D E 
activity 
F G 
activity 
H I 
Ear-node 4.4 3.47 10.7 5.1 0 0 7.8 .41 
leaf 12.8 3.15 8.0 3.7 0 0 - - 8.8 .53 
21.1 3.34 7.8 3.8 0 0 - - 9.6 .53 
Kernel 4.4 25.7 39.3 37.8 5.19 .249 350 36.6 5.10 
12.8 22.5 29.2 - 36.1 4.48 . 246 322 39.5 5.18 
21.1 23.7 30.8 - 34.0 4.41 .248 329 41.5 5.40 
A = mg glucose/g FWj B = mg aucrose/g FW; C = mg starch/g FW; D = mg maltose/ 
g FW/hr; E = mg maltose/mg protein/hrj F = AOD/g FW/hr; G = AGD/mg protein/hr; 
H = mg glucose/g FW/hr; I = mg glucose/mg protein/hr. 
Table I9. Analyses of variance of carbohydrate and enzyme levels of maize plant 
parts (16-20 days after silking) subjected to three different night 
temperatures (half a night) in the field (1974) 
Ear-node leaf Kernels 
CV CV 
Variables Source df MS F ^ MS F % 
Reducing sugars Temperature 2 .152 2.06ns 8 15*85 1.02ns 17 
Day X temp. 4 ,490 6.63** 
Residual 9 .074 
Sucrose Temperature 
Day X temp. 
Residual 
2 15.7 
4 4.33 
9 1.17 
13.4** 
3.68* 
12 4.63 
13.10 
.35ns 12 
Starch Temperature 2 3*87 
Day X temp. 4 5«99 
Residual 9 .72 
5.35* 
8.27** 
20 
Total sucrose hy-
drolytic activity 
Specific sucrose 
hydrolytic 
activity 
Total amylolytic 
activity (reduc­
ing sugars) 
Temperature 2 4.73 
Residual 9 4.73 
Temperature 2 .030 
Residual 9 .026 
Temperature 2 
Residual 9 
1.00ns 
1.17ns 
25 
33 
35.28 
38.60 
.140 
6.75 
21.52 
45.53 
.91ns 16 
,21ns 16 
,47ns 19 
Table 19. (Continued) 
Variables Source 
Specific 
activity 
sugars) 
amylolytio 
(reducing 
Total amylolytio 
activity (starch-
iodine ) 
Specific 
activity 
iodine) 
amylolytio 
(starch-
Temperature 
Residual 
Temperature 
Residual 
Temperature 
Residual 
df 
2 
9 
2 
9 
2 
9 
Ear-node leaf 
KS 
Kernels 
CV 
% MS 
1.103 
1.210 
14.9x10-6 
475.0x10-6 
1.29x10-3 1.15ns 
1.12x10-3 
CV 
% 
.91ns 23 
. 03ns 
10 
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Effects of Night Temperature on Respiration 
Respiration of the above-ground plant parts, 22 days 
after silking, increased as the air temperature increased 
from 8.9 to 21.1 C (Table 20). A regression line fitted 
through the points turned out to be linear. The equations 
of the curves are* 
mg COg/dm^/hr = .5^ + .168 T (C ) 
mg COg/g DW/hr = .134 + .350 T (C) 
The Q-,q between 10 C and 20 C was* 
for mg CO2/dm^/hr Q^q = I.76 
mg COg/g DW/hr Q^q =1.93 
Table 20. Respiration rates of the above-ground part of 
maize plants in the field subjected to different 
night temperatures (1974) 
Temperature 
CC) mg CO2/dm^/hr mg COg/g DW/hr 
8.9 
9.4 
18.3 
18.3 
18.3 
18.3 
21.1 
1.4? 
2.80 
3.49 
2.77 
3.82  
4.05 
4.33 
.334 
.610 
.764 
.607 
.769 
.813 
.952 
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Effects of Night Temperature on Photosynthesis 
and Leaf Resistance 
1. The photosynthetic rate was determined by the de­
tached-leaf technique, using infrared gas analyzer and plants 
13 to 17 days after silking, subjected to night temperatures 
between 8.6 and 32.2 C. At the 5'97# probability level, the 
plants at the lowest temperature (8.6 C) had a lower rate of 
photosynthesis than those subjected to higher temperatures 
(Table 21) when measured at about 10 a.m. the morning after 
the variable night temperatures. 
Table 21. Means and analysis of variance of the photosynthetic 
rate (mg COg/dm^/hr) of the ear-node leaf after a 
period of one night at different temperatures 
Temperature Photosynthetic rate (mean) 
±2.7 C mg CO2/dm^/hr 
8.6 
21.1 
32.2 
30.8 
34.9 
34.2 
Source 
Analysis 
df 
of variance 
MS F CV (Jg) 
Day 
Temperature 
3 
2 
31.9 
38.7 3.57 9.9 
Temperature x day 
Residual 
6 
12 
13. c 
10.8 
1.20ns 
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2. Leaf resistance did not vary in the field plants, 
eight days after silking, subjected to different night tem­
peratures, when measured the following morning (Table 22). 
The temperature in the chambers ranged from 5 to 26.5 C. 
Table 22. Means and analysis of variance of resistance of the 
ear-node leaf after a period of two nights at dif­
ferent temperatures (1975) 
Temperature Resistance 
(C ) sec cm-1 
5.0 19.3 
15.2 24.2 
26.5 17.8 
Analysis of variance 
Source df MS F CV (?&) 
Temperature 2 8814 .73ns 54 
Residual 21 12007 
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DISCUSSION 
Characterization of Carbohydrates and 
Enzymes in Leaves and Kernels 
Chromatographic analyses showed that sucrose, glucose, 
and fructose are the prevalent oligo- and monosaccharides, 
either phosphorylated or not, in the leaves and kernels two to 
four weeks after silking. In the kernels, the sugars consist 
of about 50?^ sucrose, but vary some, depending upon the stage 
of development. Starch and/or long chains of glucose are the 
common storage polyglucoside. 
Starch can be attacked by several enzymes such as a- and 
9-amylases. They are reported to show wide variation in maize 
leaves among genotypes (Peterson et al., 1973) and between 
mesophyll and bundle sheath cells (Downtown and Hawker, 1973). 
a-amylase was reported in maize leaves by Gates and Simpson 
(1968), and in kernels by Jaynes (I966). It is considered 
the first enzyme to degrade the starch granule (Dunn, 1974) 
by its random attack on the glucose chains, liberating smaller 
chains which can be attacked by 0-amylase, essentially produc­
ing maltose and glucose, «-amylase attacks only the end of the 
glucosidic chains, cannot pass the a-1,6 linkage, and con­
sequently cannot produce a break in the meshes of the starch 
granules (Bemfeld, 195I). 
Because of this property of a-amylase, the soluble amylo-
lytic enzymes of the leaves and kernels assayed by the change 
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in color in the starch-iodine complex represent mainly (but 
not exclusively) the action of a-amylase. g-amylase can de­
crease the color of a starch-iodine complex, but much more 
slowly (Bemfeld, 1951)* The soluble amylolytic enzymes ex­
pressed by the increase in reducing sugars in an incubation 
medium represent mainly 3-amylase, and also some activity of 
a-amylase, assuming that both types of enzyme are present. 
Since the extracts analyzed showed activity when assayed 
by the two methods, probably both a- and 3-amylases were 
present in the leaves and kernels. Further, the presence of 
both a- and 3-amylases was determined on the properties of 
the latter enzyme. It is reported by Whelan (1958) to be 
more thermolabile and susceptible to phenylmercuric chloride 
than a-amylase. Englard et al. (1951) suggested a chemical 
alteration (oxidation) of the sulfhydril groups of 3-amylase 
of sweet potatoes with consequent loss of activity v/hen 
treated with phenylmercuric chloride. This suggestion has to 
be taken with some restrictions, since it has been shown that 
not all 3-amylases respond alike (Marshall, 1974). 
The data presented in Table 3 indicate that the enzymes in 
leaves and kernels assayed by the increase in reducing sugar 
method were more susceptible to heat and to phenylmercuric 
chloride treatments than those assayed by the change in color 
of a starch-iodine complex. The former probably represent 
mainly 3-amylase(s), and the latter, a-amylase(s). Apparently, 
in leaves, 3-amylases have a lower pH optimum than do a-
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amylases (4.0 and 9.0). A reduction in activity was also ob­
served by Peterson et al. (1973) when maize leaf extracts 
were incubated at 55 C for different lengths of time (the 
activity was determined by the increase in reducing sugars). 
There was no attempt made to identify the role of phos-
phorylase(s) in the degradation process. 
Separation of leaf amylolytic enzymes by gel electro­
phoresis showed four bands (Figure 3), one of which dis­
appeared when the gel was treated with phenylmercuric chloride. 
To determine unquestionably if this band were 0-amylase and if 
the others represent a-amylase, further detailed work would be 
necessary. The presence of amylases in maize leaves also was 
observed by de Fekete and Vieweg (1973a) using gel electro­
phoresis (several bands). Alexander (1965c) reported the 
presence of both a- and P-amylases in sugarcane leaves. 
The kernel amylolytic enzymes separated by gel electro­
phoresis produced seven distinct bands. In the gels pretreated 
with phenylmercuric chloride, four of the bands disappeared 
(Figure 3). Tentatively, we can say that, based upon these 
tests, a- and 0-amylases are present in the kernels, but their 
clear separation and actual amounts need to be clarified, due 
to the shortcomings of the methods used. 
The amylolytic enzymes, measured by both methods, corre­
lated in only a few cases with their natural substrate, 
starch, or the final product, reducing sugars (glucose and 
fructose). The role of starch grains in the chloroplasts as 
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substrate inducers is still obscure. The relationship between 
the in vitro and in vivo activities could not be determined, 
because so many variable factors control the activity of the 
enzymes in the cells. This might explain why, in some cases, 
the regulatory role attributed to amylases could not be ex­
plained based on the analytical results. Amylases are re­
ported to be controlled by the level of maltose (Bemfeld, 
1951 ; Vieweg and de Fekete, 1973) or by inhibitors (Bemfeld, 
1951)1 which could have been dialyzed out of the crude extract 
during the sample preparation. Also, the compartmentalization 
of the enzymes could be destroyed when the tissue is disrupted. 
Soluble sucrose hydrolytic enzymes from leaves and kernels 
were tested by the capacity of the crude extract to hydrolyze 
sucrose. This reaction can be catalyzed by two enzymes: 
invertase and sucrose-synthetase. The former is exclusively 
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tions break down sucrose. No attempt was made to identify 
the enzymes, or to describe which is more active in the 
tissues. 
Invertase was reported in maize leaf tissue by Downtown 
and Hawker (1973) but they did not describe its role. The 
levels of in vitro activity could not be positively assigned 
to the in vivo behavior, for the zzzc arguments presented for 
the amylolytic enzymes (substrate inhibition or induction, 
inhibitors, compartmentalization, etc.). With leaf extracts, 
the amount of sucrose was not correlated with enzyme activities 
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in any of the experiments, nor were the products of hydrolysis 
(fructose and glucose) correlated. 
Soluble sucrose hydrolytic activity assayed in the whole 
kernel was always positively correlated with the natural sub­
strate (sucrose) or products of the catalyzed reaction 
(fructose and glucose) which might in this case suggest their 
actual role in vivo. 
Data for amylolytic and sucrose hydrolytic enzyme levels 
showed a large variability; this was more pronounced in leaves 
than in kernels. The coefficients of variation usually ran 
over ^ 0%. This might suggest that either the extraction tech­
niques were not ideal, or there was a large variability among 
the material assayed, or both. 
Carbohydrate Metabolism in Leaves 
Discussion of some changes in carbohi'-drate metabolism 
with time or influenced by night temperature will be based 
upon the scheme shown on the following page, given by 
de Fekete and Vieweg (197^b). 
The scheme does not separate processes in the bundle 
sheath or mesophyll cells, but it is considered that starch 
metabolism is located mainly in the bundle sheath cells 
(Huber et al., 1969; Downtown and Hawker, 1973), and that 
sucrose metabolism occurs mainly in mesophyll cells (Downtown 
and Hawker, 1973)» The pathways are controlled by some key 
enzymes which determine the rate of flow of carbohydrates 
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through them. The most prevalent variations in the metabolism 
are due to changes in the environment (daily and seasonal) and 
age. 
Considering initially the daily pattern, there was no ob­
served qualitative change in oligosaccharides during the day, 
but they (especially sucrose and starch) showed a typical 
diurnal fluctuation in quantity (Figure 4), as also indicated 
by Hartt (1935)» Sucrose is the main translocated sugar in 
maize. Its level in the leaves rose in the early morning, was 
maintained at a high level throughout the day, and dropped 
late in the afternoon when sunlight decreased. 
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Reducing sugars, mainly glucose and fructose, shovvevi 
slight fluctuations during the day. 
Starch levels changed in a pattern similar to that of 
sucrose during the day, but started to accumulate later in the 
morning, and the levels dropped more slowly, and later during 
the night, as it was degraded (Figure 3)« Loomis (1935) and 
Hartt (1935) indicated similar fluctuations for mairie and 
sugarcane, respectively. This diurnal rhythm seems to be 
present in leaves at all ages, as Loomis (1935) and Miller 
(1924) showed for certain stages in maize, but Matheson and 
Wheatley (I963) observed that, in tobacco leaves, the amount 
of starch not undergoing diurnal variation wai greater in 
older leaves than in younger leaves. 
The removal of carbohydrates from the leaves takes place 
during day and night. Hartt (1973) indieJt-.-c t^~t the rate of 
translocation is lower by night than by day, nu" oecause of 
lack of photosynthesis but mainly due to an enhancement of 
translocation by light. A drop in translocation might have 2 
feedback effect on sucrose biosynthesis. Translocation pro­
ceeds at a slower rate at night as long as other conditions do 
not interfere, but proceeds fast enough to remove all the 
products of starch degradation, clearing the chloroplasts for 
new starch deposition the following day. 
The enzymes responsible for sucrose and starch degrada­
tion did not show any variation during the day (Table 5)» 
Similar results were found by Haapala (1969b), who did not 
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detect any diurnal rhythm of 0-amylase in Stellaria media 
leaves. Nevertheless, Venter (1956) observed a diurnal rhythm 
of amylase activity in Spinacea oleracea and in Perilla 
ocymoides. 
The lack of change of amylolytic enzymes could be ex­
plained by the hypothesis (de Fekete and Vieweg, 197^b) that 
starch is being formed and broken down continuously during day­
light hours. Such a dynamic state (synthesis and degradation) 
was reported for potato tubers by Isherwood (1973) and for the 
statolith starch in the root cap cells of maize by Huber et al. 
(1973). 
Under field conditions, the transition between day and 
night is smooth. The gradual decline in light probably induces 
gradual changes in metabolism. The cessation of starch syn­
thesis and the decrease in sucrose translocation takes place 
during a period of several hours. Drastic changes can take 
place in a short time when plants are moved from an illuminated 
to a dark environment, as shown in Figure 5* In the dark there 
was a sudden accumulation of sucrose within 20 minutes, prob­
ably due to a lack of translocation. This could have led to 
the inhibition of starch breakdown, by a feedback action, as 
de Fekete and Vieweg (1974b) suggested; an accumulation of 
sucrose-6-P inhibited sucrose synthesis and sequestered most of 
the inorganic phosphate with consequent reduction of the metabo­
lism of maltose, which inhibited the starch degradation process. 
The accumulated sucrose was probably hydrolyzed, indicated by 
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the increase in reducing sugars after 40 minutes, and was 
utilized in starch synthesis. Steady state was restored about 
one hour after the light was cut. The pool of glucose-l-P 
plays a central role in the pathways from which starch and 
sucrose synthesis start and the products of starch degradation 
arrive. It is easily interconverted to fructose-6-P, the 
other important monosaccharide used in sucrose biosynthesis. 
The pool of these two phosphorylated sugars is the highest 
among monosaccharides, but they never accumulate in great 
amounts for any length of time. If they are not used in 
sucrose synthesis, they can be used in starch synthesis through 
the pathway which is favored by the internal conditions, as 
shown by de Fekete and Vieweg (1974b). 
The large oscillations in starch were followed by changes 
in the amylolytic enzyme activity (Figure 5). as also reported 
by Wiersma (1975) in soybean leaves assayed by the increase in 
reducing sugars. The pattern suggests that when starch syn­
thesis starts (at 20 min) the level of the amylolytic enzymes 
is low, and when starch is being degraded (at 40 min) the 
activity of the enzymes is higher. No further studies on this 
apparent association between substrate and enzyme levels was 
done and this was the only case where such a relationship was 
found. 
Levels of amylolytic enzymes detected by the change in 
color of the starch-iodine complex increased sharply at the 
beginning of the dark period and remained high for the first 
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three hours. The products of the action of these enzymes 
initially could have been further degraded and later utilized 
in starch synthesis, providing primers, based upon the sug­
gested roles described in the literature for these enzymes. 
Large variations in the sucrose hydrolytic enzyme activity 
were also observed a short time after the beginning of the dark 
period (Figure 5)» Similar variations were reported by 
Wiersma (1975) with soybeans. As their role in the metabolism 
is not well established, no further conclusion can be drawn 
of the importance of these rapid variations. The changes in 
activity might show an actual sucrose breakdown (sucrose de­
creased and reducing sugars increased), or it could represent 
a substrate induction. 
Seasonal variation of the enzyme and carbohydrate levels 
was determined on the ninth leaf. Starch levels (Table 9) 
were constant from 26 days before up to 4- days after- silking, 
dropping thereafter. The amylolytic activity measured by in­
crease in reducing sugars decreased with time and, by about 
three weeks after silking, the enzymes were hardly detectable 
by this method, while the other enzymes remained more or less 
constant. This drop in amylolytic enzyme activity with age was 
found in all experiments, and there is no apparent explanation 
for it. Ishizuka and Tanaka (195^) also reported large varia­
tions in the levels of amylase in rice leaves from trans­
planting time up to maturation. Levels increased from the 
"boot stage" up to "kernel blister stage", but sharply 
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decreased thereafter. Similar oscillations were observed for 
invertase. 
The daily process of removal of excess carbohydrates 
accumulated in the leaves during the daylight hours and trans­
located to the growing points at night occurs at all stages of 
development. This process is indicated in the literature to 
be strongly influenced by temperature in some species of 
tropical and subtropical origin (Wilson and Bailey, 1971; 
Milliard and West, 1970). The lack of removal is shown by 
high levels of starch and sucrose in the leaves after exposure 
to low temperatures, but the amount of reducing sugars 
(fructose and glucose, mainly) does not seem to be influenced. 
This behavior was shown in several plants, such as tomato 
(Went and Engelsberg, 1946), beans (Hewitt and Curtis, 1948), 
and psingola grass (Milliard and West, 1970). Similar results 
were found in all experiments reported herein using night 
temperatures ranging from 4 to 32 C imposed on young plants 
(with 10 leaves) or on older plants after the silking stage. 
Plants treated to 15 C or less showed higher levels of carbo­
hydrates after cold night temperatures, compared with plants 
at higher temperatures, indicating less carbohydrate 
mobilization. 
Approximately 15 C seems to be the critical temperature 
at which the carbohydrates are not being removed completely, a 
situation similar to what Lush and Evans (1974) found in leaves 
of Panicum maximum and Paspalum dilatatum. In most of the 
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experiments described here, the response of levels of carbo­
hydrates to temperature was strongly dependent upon day 
conditions. 
What causes this lack of removal of carbohydrates from 
the leaves is still a matter of controversy, as suggested by 
the several hypotheses cited in the literature. The change in 
the pattern of metabolism, nevertheless, can be explained 
tentatively, using the scheme proposed at the beginning of 
this section, assuming sucrose and starch metabolism to be 
closely related. Low temperature at night directly or in­
directly causes a lack of translocation of sucrose or inactiva-
tion of its loading process. This causes a rise in sucrose 
levels in the leaves, inhibiting sucrose phosphatase, and 
causing an increase in sucrose-6-P, which would be responsible 
for sequestering of a large part of the cell phosphate. An 
accumulation of sucrose-6-P inhibits the formation of uDPG, 
The lack of inorganic phosphate decreases the pool of ATP in 
the cell, and maltose metabolism decreases. Starch degrada­
tion is slowed by the feedback inhibition of amylase by 
maltose. Chen-She et al. (1975) also reported a change in 
leaf carbohydrate metabolism when the cytoplasmic orthophos­
phate was sequestered. Isherwood (1973) described, for 
potatoes, the mechanism for starch-sugar interconversion which, 
in some aspects, resembles the one above. Whenever the tuber's 
temperature varied, there was a change in the equilibrium 
either toward sucrose or starch production (the changes were 
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much slower). Alexander (1973) also suggested the closeness 
of the starch and sucrose forming pathways. Under a limited 
glucose-l-P supply (a common glucose-l-P pool), the restric­
tion of the sucrose forming pathway might increase the starch 
forming pathway activity. 
Under this proposed mechanism, the high levels of starch 
and sucrose in the leaves of plants subjected to low tempera­
ture could be expected. The activities determined for amylo-
lytic enzymes were apparently insensitive to the temperatures 
which determined different levels of substrates. This apparent 
insensitivity of amylases (nonrelationship to substrate levels) 
was also shown by Downtown and Hawker (1973); maize leaves 
under continuous illumination for 2.5 days, compared with 
normal daylight conditions, had similar amylase activity but 
the starch levels were three times higher. Effects of night 
temperature on amylase activity was shown by Carter et al. 
(1974) in pangola grass, but the same was not true for orchard-
grass. This strongly suggests different behavior among differ­
ent plants. 
Sucrose hydrolytic enzymes were also not dependent upon 
substrate level (no correlation between the two) as it in­
creased at low night temperatures. The role of these enzymes 
in maize leaves is not well established. In potato tubers, 
the enzymes were suggested by Isherwood (1973) to have an 
important role in the dynamic process of continuous intercon­
version of starch-sucrose, and to be substrate-induced 
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(Tishel and Mazelis, I966). 
In addition to the leaves, the stalk also had higher 
levels of soluble sugars (sucrose and reducing sugars) at 
lower night temperatures (Table 14). Similar findings were 
reported by Went and Engelsberg (1946) for tomato plants. 
In tomato, the sucrose content in all plant parts was higher 
at low night temperatures. There are no reports whether or 
not the sucrose content in other plant parts is under control 
similar to that proposed for leaves. 
Sucrose, Sucrose Hydrolytic Enzymes and 
Amylolytic Enzymes in Kernels 
Metabolism of sucrose in maize kernels was tentatively 
explained by Shannon (I968, 1972). He suggested that sucrose 
has to be hydrolyzed in the placento-chalazal tissue before 
it enters the kernel. Hydrolysis by sucrose hydrolytic en­
zymes (probably mainly invertase) would be the regulatory 
step for the amount of sucrose entering the kernel. Similar 
mechanisms have been proposed in the stalk of sugarcane 
(Sacher et al., I963) and in grape berries (Hawker, I969). 
Shannon (I968) suggested that sucrose synthesis and utilisa­
tion in the endosperm of maize kernels are in equilibrium, so 
the actual amounts of sucrose and reducing sugars (fructose 
and glucose) represent their pool size, or the difference be­
tween the amount translocated into the kernel and the amount 
used in the synthesis of polysaccharides. The dynamic state 
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of the pools is difficult to assess. For example, a constant 
pool size can have different rates of turnover. One of the 
indications of the dynamism would be the activity of the 
sucrose hydrolytic enzymes, if they are the limiting steps in 
the movement of sucrose into the kerne]*. 
Based on this concept, under the conditions to which the 
plants were subjected at the time of sampling, the supply and 
utilization of sucrose to and in the kernels was constant in 
a 24-hour period; there were constant levels of sucrose, re­
ducing sugars, and sucrose hydrolytic enzyme activities (Table 
8). A tendency (not statistically significant) of sucrose 
levels to be higher during the morning has to be confirmed 
in future experiments. It resembles the behavior of the 
sucrose level in immature storage tissue of sugarcane 
(Alexander et al., 1973). 
Whether or not deposition in maize kernels is limited by 
the supply and/or capacity of utilization of sucrose is not 
known. Shannon (I968) observed the movement of C-14 fed to 
maize leaves during the day and translocated to the kernels 
during the night. His results suggested, but not conclusively, 
that there might be a decrease in translocation at night when 
the temperature is low. 
Results herein presented did not show that temperature at 
night affected the levels of reducing sugars or the sucrose 
pools or the activity of sucrose hydrolytic enzymes. No con­
clusion can be made on whether or not the supply of assimilates 
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to the kernels or the passage into the kernels (if they are 
limiting steps to starch deposition) was variable at different 
temperatures. The main shortcoming of the data obtained was 
that the analyses were performed on the whole kernel and only 
the acidic soluble amylolytic enzymes were assayed. 
A different pathway for sucrose metabolism in wheat 
kernels was described by Jenner (197^)» Sucrose enters the 
kernel and is transported through it to starch synthesis sites 
without being metabolized. The limiting steps would appear to 
be not so much the supply of sucrose to the kernel (Jenner 
and Rathjen, 1972a) but the processes within the kernel 
(Jenner and Rathjen, 1972b) as the movement through it and the 
conversion to starch. 
The presence of amylolytic enzymes was reported in the 
developing kernels of maize by Jaynes (I966), Bernstein (19^3) 
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the presence of a-amylases. 
Mot much is known of their role in the developing kernels. 
Jaynes (I966) hypothesized that a-amylases would be important 
in making primers for the primer-dependent enzymes involved 
in starch synthesis. Their role in further degradation of 
starch is hard to visualize, since the equilibrium between 
starch and sucrose is strongly in the direction of starch. 
Activities of the two types of amylolytic enzymes are higher 
with low night temperatures. The significance of this change 
with regard to starch metabolism is not known. 
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Whether or not the metabolism in the kernels is affected 
by temperatures could not be established. The levels of car­
bohydrates and sucrose hydrolytic enzymes measured did not 
change, with the exception of amylolytic enzymes. 
The results did not allow one to draw any conclusion or 
compare them with available data in the literature, since 
little work has been done on kernel metabolism as affected by 
temperature. 
Effects of Night Temperature on Respiration, 
Leaf Resistance and Net Carbon Exchange 
Rate of respiration at night varied with temperature; a 
linear increase was found in the range of 8.9 to 21.1 C (Q^g = 
1.76) in field plants in the post-silking period. Moss et al. 
(1961) reported a Q^Q of less than 2.0 for field-grown maize 
(determined at the end of August, probably in midkemel-
filling period) between 12.8 and 24.0 C. The values found 
by Moss et al. were comparable to those found in this experi­
ment. Alberda (1969) and Palmer (I969) also described a 
parallel increase in respiration at night with temperature. 
Probably most of the COg respired comes from organs other than 
the leaf blades and sheaths, as shown by Palmer et al. (1973); 
blades and sheaths contributed only about 12^ of the dry weight 
of the plant after flowering, but on a dry weight basis leaves 
respired twice as rapidly as did ears. 
The influence of respiration rate on the net production 
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of dry weight by plants is not well defined. As McRee (197^) 
suggested, the dark respiration can be separated into two 
components I the maintenance component (proportional to the 
dry weight of the plant and strongly influenced by temperature), 
and the growth component (proportional to the total influx 
during the previous day). An increase in the maintenance 
component brought about by temperature could be considered a 
"wasteful" use of carbohydrates. This has been suggested as 
a ca'se or the low maize yields resulting under high night 
temperatures. 
Moss et al. (I96I) did not consider this a serious factor 
in dry matter reduction at temperatures below 27 C, which are 
predominant in the field. The effect of temperature on yields 
could be more serious at later stages of development, since in 
mature plants the maintenance process is quite large (McRee, 
1974; Hussey, 1965)^ 
The rate of carbon exchange was apparently lower after a 
cold night (8.6 C) at a statistical level of significance of 
5.970. The reduction was not drastic between 21.1 and 8.6 C 
(35 and 31 mg COg/dm /hr), but greater decreases had been re­
ported for other plants subjected to low night temperatures 
(Pasternak and Wilson, 1972; Izhar and Wallace, I967; Moss, 
1965; Bingham, 1973; West, 1970). 
A relationship between lack of removal of carbohydrates 
during the night and decrease of the carbon exchange rate the 
following morning is supported by my data, but that does not 
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prove the hypothesis suggested by Milliard and West (1970), 
Bingham (1973), Chaterton et al. (1972), and Chaterton (1973)* 
Such a feedback effect has been questioned by Haapala (1969c), 
Forde et al. (1975), and Waldron et al. (I967), and discussed 
by Neales and Incoll (I968). 
Other factors that could alter the rate of photosynthesis, 
such as chlorophyll content, structural changes in the chloro-
plasts, or activity of enzymes from the photosynthetic appara­
tus, were not investigated. These changes had been reported 
only at very low temperatures (5 C or less) in some grasses of 
tropical origin (Youngner, 1959; Slack et al., 1974; Taylor 
and Craig, 1971; Taylor et al., 1974). Nevertheless, West 
(1970) reported changes in the chloroplast properties in 
pangola grass subjected to night temperatures of 10 C. 
Leaf resistance to COg diffusion is cited in the litera­
ture as affecting the carbon exchange. Crookston et al. (197^): 
Pasternak and Wilson (1972), Austin and Maclean (1972), and 
Bingham (1973) suggested that plants under cold nights might 
have a higher stomatal resistance the following day, which would 
cause a lower photosynthetic rate. Field determinations of 
leaf resistance (Tabla 22) showed no variation between tempera­
tures of 5*0 C and 26.5 G. 
Maybe the reason for the photosynthetic rate and leaf 
resistance findings is that most experiments on the effect of 
night temperature have been done in temperature-controlled 
chambers that do not control root temperature separately. By 
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this procedure, both roots and shoots are at the same tempera­
ture, a situation that very seldom exists in the field where 
only the air temperature has a strong diurnal oscillation. 
Soil temperature changes in a seasonal fashion, except for the 
very top layer which varies diumally. Root temperature 
strongly affects the plant development, photosynthetic rate, 
and carbohydrate metabolism, as indicated by Kazaryan and 
Davtyan (I967), Nielsen and Humphries (I966), Vinokur (1957), 
Beauchamp and Lathwell (I966), Watts (I97I), and Knoll et al. 
(1962). For example, Crookston et al. (1974) showed that 5 C 
for one night decreased the photosynthetic rate of Phaseolus 
vulgaris only if the root system was also cooled. Pasternak 
and Wilson (1972) showed similar results with sorghum, with 
respect to leaf resistance. 
These factors may tend to alter the response to treat­
ments, or to overemphasize them. Comparison of results of 
these kinds of experiments should be made cautiously. 
Integration 
Several researchers (Duncan, 1974; Peters et al., 1971) 
described the beneficial effects of cool nights on yield in­
crease, but the mechanism favored by cool temperatures was not 
established. As Yoshida (1972) pointed out, the development 
of a plant is a function of the rate and duration of physio­
logical processes. The role of night temperature can fall 
into either of these two aspects, but in which it is the most 
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important is not known. 
Long-term effects of low night temperature may be 
visualized as lengthening the period between stages of devel­
opment, as observed by Eaton (1924) and Peters et al. (1971). 
Duncan (1974) refers to it as the most beneficial effect, 
since more time would be available for carbon assimilation by 
the plant. Long-term effects could not be observed in the re­
sults reported here, since the rate of carbohydrate metabolism 
affected by temperature was studied in experiments of short-
term duration. 
Short-term increase or decrease of a particular process 
may not represent an alteration of the rate of development of 
the whole plant. On the other hand, a beneficial effect on 
slowing the rate of development may not affect the rate of a 
particular physiological process. 
Extremes of temperature at night, in the range tolerated 
by maize, were suggested to be detrimental to dry matter 
accumulation. High night temperature could affect the yield 
by increasing the respiration rate so that part of the carbon 
accumulated during the day would be "burned" during the night. 
Temperatures in the lower extreme would affect the net carbon 
exchange by residual effect of cool nights on the starch and 
sucrose balance of leaves. Forde et al. (1975) questioned this 
relationship and hypothesized that "photosynthesis and accumu­
lation of starch are less sensitive to temperature than are the 
processes of assimilate utilization such as respiration, trans-
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location, cell division and enlargement." 
The starch-sugar interconversion in leaves at night is 
mainly in the direction from starch to sucrose. The leaves 
have a very limited storage space for starch and, as a transi­
tory storage polysaccharide, it has to be removed during the 
night to make room for new starch to be deposited the follow­
ing day. The effects of the nonremoval of all starch at low 
night temperatures on growth process the following day is not 
well known. 
A common hypothesis is that the inhibition of photosynthe­
sis by a feed back type of process is due to excess starch. 
If such cause and effect are valid, then temperatures over 
15 C at night would not be inhibitive, at least at the begin­
ning of the night when most of the carbohydrates are being re­
moved. Whether or not this holds for lower temperatures is 
not known for maize. 
The assignment of any particular temperature (15 C as 
given above) is not definitive. Interactions with other en­
vironmental factors (illuminance, photoperiod, and day tem­
perature) were not studied over different genotypes, or through 
the maize life cycle. The almost constant interactions of 
levels of carbohydrates in the leaves with different days and 
the wide variation of carbohydrate and enzyme levels at dif­
ferent stages of development confirm the need for broader 
studies of these aspects. 
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SUMMARY AND CONCLUSIONS 
The effects of night temperatures on carbohydrate 
metabolism, respiration, and photosynthetic rate of maize 
plants were studied in 1974 and 1975* 
Carbohydrates analyzed in the ear-node leaf were starch, 
sucrose, and reducing sugars. In the kernels, only sucrose and 
reducing sugars were analyzed. Starch initially was measured 
by the starch-iodine complex color method; it was later mea­
sured by hydrolyzing it with amyloglucosidase to glucose, 
which was in turn determined by glucose-oxidase. Sucrose was 
measured by determining the products of its hydrolysis by 
invertase. Reducing sugars were analyzed by the Nelson-
Somogyi method. 
Amylolytic and sucrose hydrolytic enzymes were determined 
in leaves and kernels. Amylolytic enzymes were assayed by two 
methods; the increase in reducing values in the incubation 
medium, and the change in color in a starch-iodine complex. 
Sucrose hydrolytic enzymes were assayed by their capacity to 
hydrolyze sucrose. 
Gas rhromatographic analyses showed that glucose, fruc­
tose, and sucrose are the main mono- and oligosaccharides in 
leaves and kernels, with no qualitative changes during the 
day. 
Analysis of amylolytic enzymes using inhibitors and 
separation by gel electrophoresis suggested that both a- and 
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fi-amylase are present in leaves and kernels, a-amylase 
activity was better expressed by the change in color in a 
starch-iodine complex, fJ-amylase by its capacity to increase 
the reducing groups in the incubation medium. 
The levels of leaf carbohydrates changed in a diurnal and 
a seasonal pattern. Large increases in sucrose and starch were 
observed during the day; reducing sugars (mainly glucose and 
fructose) showed only slight fluctuation, their lowest levels 
being reached just before sunrise. Amylolytic and sucrose 
hydrolytic enzyme activities remained more or less constant 
over a 24-hour period. In the kernels, neither the carbohy­
drates nor enzyme levels showed any variation during the day. 
Amylolytic enzymes of leaves, measured by the increase 
in reducing sugars, showed a gradual decrease from 23 days 
before silking, up to 16 days after silking. Starch decreased 
later, after silking, and sucrose hydrolytic enzymes showed 
some variation but with no specific pattern. This suggests 
that levels and probably the responses of plants to environ­
mental changes can be strongly influenced by the age of the 
plants. 
Mght temperature had a strong effect on the amount of 
carbohydrates removed from the leaves at night. Plants at 
15 G or less had higher levels of sucrose and starch by the 
end of the night, compared with plants under higher tempera­
tures, and this was strongly dependent on previous day condi­
tions. The amount of reducing sugar and the activities of 
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amylolytic and sucrose hydrolytic enzymes were not affected 
by night temperature. Higher levels of sugars (mainly sucrose) 
were found in the stalks of plants under low temperatures, 
compared with higher night temperatures. In the kernels, 
night temperature had no influence on the levels of sucrose, 
reducing sugars, or sucrose hydrolytic enzymes, but amylolytic 
enzyme activity increased with lower night temperature. 
In most field and growth chamber experiments, there was 
no association between the different levels of carbohydrates 
and the corresponding activities of their hydrolytic enzymes. 
When an abrupt change in environment (light to darkness) 
was imposed on plants, there was a large, short-term fluctua­
tion of sucrose and starch levels, and a corresponding varia­
tion of their hydrolytic enzymes. The positive relationship 
between the levels of substrate and enzyme activity was de­
tected for about 1 hour, at the end of which the fluctuations 
diminished and a new equilibrium was established. In the 
latter condition, apparently there was no relationship between 
substrate and enzyme. 
This lack of relationship may give more validity to the 
hypothesis that dynamic equilibrium (responsive to change) 
could exist between substrate and products, but the rates of 
enzymatic activity might not be related to substrate levels. 
The respiration rate of the above-ground plant parts was 
also affected by temperature at night between 8.9 and 21.1 C. 
A parallel increase in respiration with temperature was 
Ill 
observed, with Q^Q below 2.0. 
The photosynthetic rate was only slightly decreased in 
maize plants after the silking stage subjected to cold 
nights (8.6 C). The net carbon exchange, determined by the 
detached leaf technique, was constant at higher temperatures. 
No relationship could be established between the levels of 
carbohydrates and photosynthesis. 
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